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ABSTRACT
The present investigations were conducted to examine the use of a new methodology 
termed matrix solid phase dispersion (MSPD) in combination with chromatographic 
techniques to analyze different classes of environmentally significant compounds in 
biological matrices. The research described in this dissertation represents the author's 
work to demonstrate the feasibility of improving environmental analytical methods by 
em ploying M SPD and chrom atographic techniques in com bination or separately. 
Preliminary tests were conducted to determine some of the parameters that would be 
used to test MSPD extraction techniques and to chromatograph standards and extracts of 
benzo[a]pyrene (BAP), benzo[a]pyrene ring-oxidized metabolites, Aroclor 1254 (PCB) 
and nine chlorinated pesticides.
In each study, catfish (Ictalurus punctatus) muscle tissue (0.5g for each analysis) was 
fortified with either BAP, PCBs (Aroclor 1254) or nine chlorinated pesticides and 
subsequently mixed with 2.0 grams o f octadecylsilyl derivatized silica (C is) using a 
mortar and pestle. The resultant C j 8-tissue blend was quantitatively transferred to a 
plastic 10 ml syringe and configured as a column. The target compounds were eluted 
from each column with a total o f 8.0 ml o f acetonitrile. These extracts were then 
subjected to a reverse-phase high pressure liquid chrom atograph equipped with 
programmable ultraviolet-visible and fluorometric detectors for BAP analyses or a 
packed or capillary column gas chromatograph equipped with an electron capture 
detector for chlorinated pesticide or PCB analyses. In each study, catfish muscle tissue 
was fortified at six different concentrations (including a blank control) with five 
replicates run for each concentration. The tissue fortification levels for the BAP and the 
PCB studies were 0.20, 0.50, 1.0, 2.0, and 4.0 |Xg/g tissue sample. The tissue
xii
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fortification levels for the chlorinated pesticide study were 31.3, 62.5, 125, 250, and 
500 ng/g. The results from these studies demonstrated acceptable average relative 
percent recoveries o f 74±11% to 112±13% for BAP, 59±3.3 to 77+9.5% for PCBs, 
and 82+4.8% to 97±3.6% for nine chlorinated pesticides.
xiii
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1 .0  INTRODUCTION
1.1 Statement of the problem in view of the research and focus
One o f the more significant tasks associated with studying the effects o f chemical 
constituents in the environment can be attributed to the analysis o f environm entally 
significant residues in biological matrices (muscle, fat, milk, etc.). Existing official 
methods (including those promulgated by regulation) have several disadvantages that 
can be described in terms of time, economy, scale, environmental impacts, and technical 
deficiencies. For these and other reasons, the present investigations were conducted to 
examine the use of a new methodology termed matrix solid phase dispersion (MSPD) in 
com bination with chrom atographic techniques to analyze differen t classes o f 
environm entally significant compounds in biological matrices. These studies were 
performed with the goal of improving existing screening tests and the analytical methods 
utilized to investigate and monitor environmental contamination by addressing the 
techniques that are typically used to prepare biological sam ples for instrum ental 
analysis. The research described in this dissertation represents the author's work to 
demonstrate the feasibility of improving environmental analytical methods by employing 
m atrix solid phase dispersion and chromatographic techniques in com bination or 
separately. Specifically targeted were analyses that could be used to determ ine the 
presence and quantity o f classic chemical contam inants in biological m atrices: 
polychlorinated biphenyls (PCBs), polynuclear aromatic hydrocarbons (PAHs), and 
chlorinated pesticides. Such improvements could contribute to research conducted for 
the purpose o f protecting human health and the environment by making it easier to 
acquire chemical residue data from complex matrices.
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1 . 2  Environmental contamination
Since before recorded history, man has utilized chemicals to enhance his chances for 
survival and improve on the quality of life. This practice has evolved to the present in 
such a fashion that chemicals are now an essential part of maintaining the world and our 
lives as we know it. Today, chemicals are no less vital in maintaining the survivability 
o f society as it exists in its present form.
Such chemicals manifest themselves in the form of fuels, drugs, plasticizers, pesticides, 
adhesives, flame retardants, etc. The proliferation o f these and other agents in the past 
decade has been quite extraordinary. For instance, the total num ber o f chemical 
substances com m ercially available has been estim ated to be over 40,000 with 
approximately 2000 new substances placed on the market each year (Schmidt-Bleek and 
Haberland 1980).
Some o f the compounds that were developed for agricultural and industrial use have 
chemical structures that impart stability to the compound. In fact, this stability was an 
advantage for which certain chemicals were originally synthesized. The advantages that 
chemicals such as chlorinated pesticides gave to the agricultural industry in terms of 
crop protection or the fire-retarding properties provided by the use o f polychlorinated 
biphenyls in electrical transformers and capacitors drove the demand for these products 
to unprecedented levels. However, the amounts o f these compounds that have been 
released into the general environment is similarly impressive. In 1986 alone, the 
USEPA estimated that over 545 million kilograms o f pesticides ($6.5 billion in sales) 
were sold in the United States (Ritter 1990). The approximate distribution is depicted in 
Figure 1.0.





E2 forestry, industry & gov't
□  home & garden
□  agriculture
Figure 1.0 Distribution of pesticide use in the United States
Polychlorinated biphenyls have been manufactured since the 1930's and the world 
production as o f 1977 has exceeded one million tons (Whittle et al. 1977). Polynuclear 
arom atic hydrocarbons enter the aquatic environm ent at an estim ated annual rate
230,000 metric tons (Neff 1985). Unfortunately, some o f the properties (i.e., chemical 
stability, toxicity) that spurred the production of these compounds in the past, have 
ultimately been responsible for much o f the environmental and health concerns that 
relate to these compounds today.
For the m ost part, the majority of the substances m anufactured by man have been 
beneficial and used without any major detrimental effects. However, the use o f some of 
these chemicals has resulted in adverse impacts on human health and the environment. 
Chem icals, as environmental contaminants, have found their way into the ecosystem 
either as the result o f their deliberate introduction into the environment (i.e., pesticides, 
fertilizers, etc.) or from the poor management of wastes or chemical by-products. 
C lassical examples of such compounds are the organochlorine pesticides such as 
dichlorodiphenyl-trichloroethane (DDT) and dichlorodiphenyl-dichloroethene (DDE),
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transformer oils such as PCBs and fuel and combustion products such as PAHs, which 
are both anthropogenic and naturally occurring. There are many other examples, but 
these particular compounds and compound classes are related to each other in terms of 
their profound chemical stability, induced ubiquitousness in the environm ent, and 
documented effects on the ecosystem and human health.
Indeed, PAHs, organochlorine pesticides, and PCBs, have ultimately found their way 
into our food supply through bioaccumulation and biomagnification. Even though some 
of these compounds are no longer allowed to be used in the United States or their use 
and disposal have been radically curtailed (the result o f environmental regulations), they 
are finding their way back (ironically) into this country via imported food from countries 
which do not impose the same usage restrictions. This phenomenon has been popularly 
dubbed the "Circle of Poison" (Wessel and Yess 1991). However, it should be pointed 
out that reviews of subsequent United States Food and Drug Administration (USFDA) 
m onitoring results has dem onstrated that such occurrences are probably sporadic 
(W essel and Yess 1991). The issue of environmental contamination and its potential 
effects has become a battlefield o f sorts between consum er based environm ental 
protection groups, like the Natural Resources Defense Council (NRDC) and the United 
States Environm ental Protection Agency (USEPA) (Roberts 1989). Further, the 
detection o f pesticides and other environm entally detrim ental chem icals in the 
environment and in food as residues have evoked emotional responses from the public 
and resulted in far reaching legislation and regulations from  the government. For 
instance, organochlorine pesticides and polychlorinated biphenyls are no longer 
manufactured and approved for use in the United States.
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Most of the problems that have been documented to date pertaining to the adverse effects 
o f organic chemicals are those compounds that can persist in the environm ent for 
relatively long periods of time. Chemicals released into the environment are distributed 
into different phases such as water, soil, air, and biota. Eventually, an equilibrium  is 
established subsequent to the release of the chemical(s) into the environm ent. This 
equilibrium  is in part dependent upon the properties o f the contam inant and o f the 
phases (Maclcay and Patterson 1981).
The transfer o f chemical contaminants in water to biota has been o f particular importance 
because o f the potential adverse effects that they may have on biota. The observation 
that some biota bioaccumulate organic environmental contaminants has resulted in the 
use o f specific species as "sentinel" organisms. This phenomenon has been exploited 
by m onitoring the chemical concentrations in organisms, such as mussels (M ytilus  
edulus), as a measurement of environmental contamination where the concentrations of 
toxic pollutants were too low to be measured by the direct analysis of the water (Connell 
1988). In this regard, the deleterious effects of organochlorine pesticides such as DDT 
and DDE on the reproduction of birds, fish, and other animals are well documented.
1 .3  Environmental protection
Following the Federal Government's mandates and guidance, many states have elected 
to form  their own regulatory agencies for the purpose o f providing a m ore 
comprehensive protection of their environment and citizens' health. This protection has 
typically manifested itself into organizations that focus their concern on issues the state 
may feel are unique to their own area or history. However, because o f the universal 
nature of environmental protection, certain standards for the qualitative and quantitative
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analysis of environmentally significant compounds need to be practiced by federal and 
state agencies alike.
The majority o f environmental analyses performed in the United States over the past 15 
to 20 years have been driven by government regulations or statutes in one form or 
another. Significant environmental legislation enacted by the United States Congress 
has set forth broad responsibilities for major government agencies such as the United 
States Environmental Protection Agency (EPA) and the United Stated Food and Drug 
Administration (PDA). Some of the landmark legislation that has been enacted include:
• Clean W ater Act (40 CFR 100-140)
• Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA or Superfund) (40 CFR 300-399 )
• Toxic Substances Control Act, (TSCA) (40 CFR 700-789 ) and the
• Federal Insecticide, Fungicide, and Rodenticide Act (FDFRA) (40 CFR ISO- 
189 ).
Although a comprehensive summary of each of these and other pertinent acts and/or 
amendments is beyond the scope o f this work, it is appropriate to review certain aspects 
o f these regulations to provide some understanding o f the importance of the role of 
reliable regulatory analytical methods.
The Federal W ater Pollution Control Act Am endm ents (FW PCA) o f 1972 were 
supplemented by the W ater Quality Act of 1987 (40 CFR 136 ) and address serious 
changes in the areas o f nonpoint sources, toxic pollutants, lake and estuary water 
quality, enforcement, standards and permits, and construction grant programs (water 
treatment facilities). The act provides the basic authority for water pollution control
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programs carried out by Federal, State and local agencies. This act established national 
effluent standards and is concerned with the pollution o f surface water as well as ground 
water and basically calls for the existence of fishable and swimmable water everywhere. 
Permits are required for discharges into waters, and the law provides for pretreatment 
standards, plans involving nonpoint source pollution, and effluent lim itations to 
effectuate the statutory purpose. The Clean W ater Act also established a specific list of 
compounds, the Priority Pollutant List (40 CFR 122 Appendix D), to be controlled and 
monitored using specific regulatory methodologies (600 Methods) (40 CFR 136 ).
The Toxic Substances Control Act empowers the Administrator of the Environmental 
Protection Agency to gather data on and regulate chemical substances and mixtures 
imminently hazardous or presenting an unreasonable risk o f injury to public health or 
the environment. Toxic substances are subject to testing, listing, rule making, quality 
controls, investigations and inspections, state programs, searches and seizures, reports 
and civil and criminal sanctions.
The Federal Insecticide, Fungicide, and Rodenticide Act addresses the increasingly 
serious threat o f pollution of the food chain, water, and air by requiring registration of 
pesticides and producers thereof, by use permits and restrictions, the certification of 
applicators, inspections, searches and seizures, research and monitoring, stop sale 
orders, and state cooperation and enforcement.
One o f the common aspects to all o f these significant pieces o f legislation and their 
respective regulations pertains to the analysis of the chemicals or constituents and the 
quantities they ultim ately regulate. Typically, legislation designed to protect the 
environment does so by monitoring the release of chemicals or pollutants. In addition,
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environm entally-based laws relating to the control o f toxic or potentially toxic 
compounds deal with the prevention or minimization of chemical releases in waterways, 
air, landfills, food or the food chain.
1 .4  The role of analytical chemistry in environmental protection
Interest by the public over the concern of environmental contamination and the ambient 
environment and their potential effects on human health has substantially risen since the 
beginning o f the 1970s. This concern has manifested itself into complex administrative, 
judicial and legislative inquiries. The number o f toxic tort cases has increased from two 
suits filed in 1974 to thousands that are filed annually in our courts (Soble 1988). 
Environmental health concerns have also expressed themselves in a variety of legislative 
initiatives, new legislation and the creation of new agencies. As a result, scientific 
evidence, and the complexities associated with such, has been brought to the forefront 
o f the deliberative processes of government (Burger Jr. 1988).
A recent consensus reached at a meeting sponsored by the Association of American 
Veterinary Medical Colleges (AAVMC) on "Critical Issues in Animal Health Research" 
determined that the top animal health research priority should be validated on-farm or 
pre-harvest tests for, the detection and elimination of residues o f potential chemical 
contaminants in food products derived from animals (Gloyd 1992). Similar concerns 
have been expressed in consum er-oriented publications in which the safety of 
consuming seafood was questioned (Reports 1992)
Thus, quantitative analytical chemistry has become an integral part o f the protection of 
the environment and our well being. As the result of man's past management practices 
or lack o f management practices, we find that the contamination of our environment
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with industrially manufactured chemicals or refined products has necessitated the 
incorporation o f laws and regulations designed to protect ourselves and prevent the 
deterioration of the environment.
One o f the reasons analytical chemistry has been found to be a m ajor factor in this 
process is related to the ever increasing need to not only detect but to accurately measure 
the compounds we have deemed necessary to regulate. Typically, the criteria required 
for compounds or their metabolites to be regulated are related to their toxicological 
properties and/or persistence in the environment or biological systems. Environmental 
regulations are designed to prevent contam ination , uncontrolled  exposure to 
contaminated substances in the environment (through inhalation, dermal contact and 
ingestion), and ultimately effect the remediation o f chemicals from the environment. 
Integral to these goals is the implementation o f a measurement process that must be 
accomplished in a reproducible and accurate fashion with reasonable resources. The data 
generated by these measurement processes or analytical methods must be technically 
valid and, in some cases, legally defensible.
Therefore, analytical chem istry has becom e an indispensable, investigative and 
quantitative tool for the environm ental and toxicological sciences. The reliable 
identification and quantitation o f  toxicants are essential for the evaluation o f 
toxicological data. The determ ination o f xenobiotic bioaccum ulation  and/or 
biotransform ation subsequent to exposure is dependent on the quality o f the 
measurem ent process employed. Presently, the environm ental and toxicological 
disciplines place increasing demands on the ability of analytical determinations to be 
more sensitive, simple, specific, cost effective, and reliable.
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A crucial part o f the environm ental assessm ent process involves the accurate 
identification and quantitation o f the chemicals that are being investigated. In the 
assessment process, all types of matrices are required to be subjected to analysis. This 
is true for either preliminary investigations, remedial investigations or risk assessments. 
This includes surface water, ground water, sediment, soil, hazardous waste, air and 
biota. The analysis of biological matrices (e.g., fish tissue) has traditionally been the 
most difficult type of sample to handle in the laboratory in term s o f analytical 
performance (recovery, reproducibility, etc.), simplicity and ease. However, with the 
advent o f health-based logic risk assessments for the determination o f threats to human 
health and the environment, the analysis of biota samples have received more attention 
than they have in the past.
1 .5  Summary of literature review
Chapter 2 is devoted to the review of the environmental and toxicological significance of 
the compound classes that have been selected for the dem onstration o f matrix solid 
phase dispersion sample preparation techniques. Analytical methods that have been 
developed for the purpose of determining the presence and amounts o f these compounds 
are also reviewed.
Ambient contamination of PAHs, organochlorine pesticides and PCBs are addressed in 
terms o f their occurrence and effects on the environment, plants, animal classes and 
humans. The fate and transport o f these environmental contaminants as well as their 
metabolism , distribution, and toxicological implications are discussed. Regulatory 
perspectives are examined in light o f applicable fram ew ork, residue m onitoring 
strategies, the assessment of risks, and government determined regulatory levels.
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Analytical methods are addressed in terms of sample preparation and analytical finish. 
Specifically, the different types of sample preparation and subsequent instrumental 
analysis are reviewed. The current regulatory methods utilized for the measurement of 
the compound classes studied in this work are discussed and the requirements that are 
necessary to validate a new method are reviewed.
Recently, there has been a significant amount of activity involving MSPD techniques for 
the analysis of compounds in biological matrices. These works are examined as they 
relate to the understanding of the MSPD process. This dissertation addresses the need 
for the works conducted and the reasoning that the author has used to justify the efforts 
described in this document. An understanding of these needs determined the goals that 
were ultimately pursued in this research. A system for monitoring is proposed that 
offers methodology for more rapid and intense examination of pollutants. This system 
allows for the testing o f more samples in a shorter period o f time, more accurately, at 
lower costs, and reduces the need to purchase, use and dispose o f the volum e of 
solvents presently used in official methods, solvents that may prove to be a greater 
hazard than the other pollutants they are intended to isolate and monitor.
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2 .0  LITERATURE REVIEW
2 .1  Historical perspective of three prevalent classes of 
environmental contaminants
The development of analytical methods in the field o f environmental science and 
toxicology serve to provide valuable "tools" from which the quality and quantity of 
research in these disciplines can be evaluated and improved. The objective of the 
studies presented here was to develop and to demonstrate simple sample preparation 
techniques that would enhance the detection and quantitation of environm entally 
significant chemicals in biological matrices. This was to be accomplished by utilizing 
matrix solid phase dispersion techniques that had been successfully applied to the 
analysis of tissue drug residues. Based on a review of the literature, three "classical" 
chemical groups were ultimately selected for the investigations. These groups were 
chlorinated pesticides, PCBs, and PAHs. The extraction o f these compounds from 
various tissues was also considered and investigated.
This study was undertaken to develop, and to dem onstrate the feasibility of, new 
environmental analytical techniques for these chemical groups leading to a more 
"environm entally friendly" and efficiently designed m onitoring program . T o 
understand the significance of these compounds and the need for such an undertaking, it 
is appropriate to provide an overview of the environmental, toxicological and analytical 
perspectives that led to the selection of these chemicals for investigation.
2 .2  Ambient contamination of the environment
The contamination of the environment by a variety of substances has been documented 
in all corners of the globe. Contamination has been reported in air, ground water, 
surface waters, soil and sediments. Since 1975, over 70 different pesticides have been
12
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detected in ground water in the United States (Ritter 1990). Residues of organochlorine 
pesticides and polynuclear aromatic hydrocarbons have been found to be present in 
drinking water supplies in a number of cities (Ang et al. 1989; Dikshith et al. 1990; Jani 
eta l. 1991).
The unrestricted agricultural use of chlorinated pesticides and uncontrolled release and 
disposal of PCBs in the past have led to the detection of residues (ppb to ppm levels) of 
these com pounds in waterways, marine sediments and soil (Duke et al. 1970; 
McDougall et al. 1987; Sarkar and Gupta 1987; Smith et al. 1987; Wade et al. 1988; 
Dunnivant et al. 1989; Jaquess et al. 1989; Nair and Pillai 1989; Wan et al. 1989; 
Delaplane and La Fage 1990; Hernandez et al. 1991; Ankley et al. 1992; Hall Jr. et al. 
1992).
Polynuclear aromatic hydrocarbons originating from highly populated urban areas find 
their way into aquatic sediments at concentrations that typically range from part per 
billion to part per million levels. Anthropogenic sources have been reported to be 45% 
from urban runoff, 20% from sewage effluents, 20% from atmospheric deposition and 
15% from other sources (Broman et al. 1987). This information is demonstrated 
graphically in Figure 2.1. Other types of contamination originating from anthropogenic 
sources have also been reported in sediments reaching from the South Carolina coast 
(Marcus et al. 1988) to the Gulf of Mexico (Wade et al. 1988).
2 .3  Plant contamination
Organochlorine pesticide and PCB use have also been found to contaminate plants and 
plant products. Although the practice of using PCBs in non-carbon copying paper is no






□  urban runoff
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□  atmospheric deposition 
§  other
Figure 2.1 Distribution of anthropogenic sources of polynuclear aromatic hydrocarbons
longer practiced, new studies have shown that residue levels can still be detected in 
recycled paper (Storr-H ansen and Rastogi 1988). Residues of organochlorine 
insecticides have been detected in vegetables (Allender 1989; Lai et al. 1989; Wan et al. 
1989; Okumura et al. 1991; M ukherjee et al. 1992), edible seeds (Allender 1989; 
Dikshith et al. 1989) and cattle feed (Dikshith et al. 1989).
2 .4  Animal contamination
The widespread contamination of various species of animals from anthropogenic 
chemicals such as chlorinated pesticides, PCBs, and PAHs has been well documented. 
For simplicity, studies finding residue concentrations o f these compounds have been 
segregated here into papers involving Fish and marine animals, birds, and mammals to 
demonstrate the extent of this type of contamination. A summary o f some o f the studies 
documenting environmental contamination of chlorinated pesticides, PCBs, and PAHs 
in aquatic species are listed in Table 2.1. This same format has been applied to birds 
(Table 2.2) and mammals (Table 2.3). Information from these studies are categorized 
according to species, country, environmental contaminant, and reference. Although this
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review does not address all of the research conducted in this field, it does indicate some 
of the interest and research this subject has generated throughout the world.
2 .4 .1  Fish and marine animals
The interest in monitoring environmental contamination has been relatively high over the 
past decade. Government agencies and academic institutions have conducted numerous 
studies to document residues in various aquatic species in an effort to determine cause 
and effect linkages between the presence o f these compounds and the observation of 
detrimental effects and to monitor the effective management of these substances. The 
National Academy of Science ranked chemically contam inated seafood fourth in 
importance o f potential health hazards (Price 1992). Concerns such as these have 
ultimately become manifested into seafood inspection programs (Johnsen 1991).




>60 fresh water fish species United States chlorinated 
pesticides, PCBs
(Schmitt e ta l. 1985)





United States PCBs (Greig and 
Sennefelder 1987)
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(Gutenmann et al. 
1992)




(Hall Jr. e t a l  1992)
burbot (Lota lota) Canada chlorinated 
pesticides, PCBs
(Muir eta l. 1990)
8 species fish, 3 species 
shellfish
Viet Nam chlorinated 
pesticides, PCBs
(Kannan eta l. 1992)
24 edible marine organisms Kuwait chlorinated 
pesticides, PCBs
(Villeneuve et al. 
1987)
14 fish species Arabian
Gulf/Iraq
PAHs (DouAbdul eta l. 1987)




(Dogheim eta l. 1988)
5 fish species Egypt chlorinated 
pesticides, PCBs
(Nabawi et al. 1987)
34 fish species Egypt chlorinated
pesticides
(Abdallah e ta l. 1990)
6 fish species Kenya chlorinated
pesticides
(Mugachia et al. 
1992)
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5 fish species Kenya chlorinated
pesticides
(Mugachia et al. 
1992)
4 fish species India chlorinated
pesticides
(Bakre e ta l. 1990)
trout (Salmo trutta fario) Spain chlorinated
pesticides
(Teran and Sierra 
1987)




11 edible fish and shellfish Chile chlorinated
pesticides
(Ober eta l. 1987)
blue mussels (Mytilus edulis) 
and 3 fish species
Finland PAHs (Rainio eta l. 1986)




(Bishop eta l. 1991)
snapping turtle (Chelydra s. 
serpentina)
United States PCBs (Bryan e ta l. 1987)
3 fish species, squid (Loligo 




(Ernst eta l. 1976)
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(Marchand eta l. 1976)
mussels and oysters United States chlorinated 
pesticides, PCBs, 
PAHs
(Marchand et al. 1976)
clams United States chlorinated 
pesticides, PCBs
(Ray et al. 1983)




blue crab (Callinectes sapidus) United States PCBs (Marcus and Mathews 
1987)




(Murray and Beck 
1990)
various aquatic species Japan chlorinated 
pesticides, PCBs
(Matsumoto et al. 
1987)
lean fish (Barbus 





tench fish (Tinea tinea) and 




(Guerrin eta l. 1990)
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(Minchew eta l. 1980)
7 fish species, shrimp 
(Panaeus setiferus, Panaeus  
aztecus), blue crab 
(Callenectus sapidus)
United States PCBs (Duke eta l. 1970)
crayfish (Procambarus darkii 









(Naqvi and Newton 
1990)
crayfish (Procambarus 
darkii), 3 fish species, eel 





In the United States, the National Pesticide M onitoring Program documented the 
residues of organochlorine chemicals in freshwater fish from 1980 to 1981 (Schmitt et 
al. 1985). Other work in the North American continent has found residue levels of
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chlorinated pesticides and PCBs in salt and freshwater fish (Greig and Sennefelder 
1987; Musial and Uthe 1988; Muir et al. 1990; Gutenmann et al. 1992; Hall Jr. et al. 
1992). A cause and effect relationship between im paired snapping turtle egg 
development and high PCB contamination has also been suggested (Bishop et al. 1991). 
Earlier studies of snapping turtles indicated that heavy fat bodies o f the female did not 
necessarily prevent the incorporation of PCBs into the eggs (Bryan et al. 1987).
Contamination of seafood-based foodstuffs with organochlorine pesticides, PCBs, and 
PAHs have been documented in countries all over the world including Viet Nam 
(Kannan et al. 1992), the Persian Gulf region (DouAbdul et al. 1987; Villeneuve et al. 
1987), Egypt (Nabawi et al. 1987; Dogheim et al. 1988; Abdallah el al. 1990), Kenya 
(M ugachia et al. 1992; Mugachia et al. 1992), India (Bakre et al. 1990), Spain (Teran 
and Sierra 1987), Italy (Amodio-Cocchieri and Arnese 1988), Chile (Ober et al. 1987), 
and Finland (Rainio et al. 1986).
2 . 4 . 2  Birds
Tissue residues of organochlorine pesticides and PCBs have been reported in the United 
States (Ellis et al. 1989; Blumton et al. 1990; Ford and Hill 1990; Ankley et al. 1992), 
Canada (Steeves et al. 1991), Mexico (Mora and Anderson 1991), Spain (Sierra and 
Santiago 1987; Sierra et al. 1987; Hernandez et al. 1989), Egypt (M ullie et al. 
1992),Israel (Perry et al. 1990), Australia (M cDougall et al. 1989), and Scotland 
(Osborn et al. 1986). A summary of some of the studies documenting environmental 
contamination of chlorinated pesticides, PCBs, and PAHs in avian species are listed in 
Table 2.2.
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Forster's tern (Sterna  
forsteri), common tern 
(Sterna hirundu), red-winged 
blackbird (Agelaius 
phoneniceus), tree swallow 
(Tachycineta bicolor)
United States PCBs (Ankley eta l. 1992)
wood duck (Aix sponsa) United States chlorinated 
pesticides, PCBs
(Ford and Hill 1990)
loggerhead shrike (Lanius 
ludovicianus)
United States chlorinated 
pesticides, PCBs
(Blumton eta l. 1990)
peregrine falcon (Falco 
perigrinus)
United States chlorinated 
pesticides, PCBs
(Ellis eta l. 1989)
Manx shearwaters (Puffinus 
puffinus)
Great Britain PCBs (Borlakoglu eta l. 
1990)
8 bird species Mexico chlorinated 
pesticides, PCBs
(Mora and Anderson 
1991)
cattle egret (Bubulcus ibis) Egypt chlorinated 
pesticides, PCBs
(Mullie eta l. 1992)
16 bird species Israel chlorinated 
pesticides, PCBs
(Perry e ta l. 1990)
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black ducks (Anas 
superciliosa), magpies 
(Gymnorhina tibicen), black 






puffins (Fatercula artica), 
Manx shearwaters (Puffinus 




(Osborn eta l. 1986)
kestrel (Falco tinnunculus), 
sparrow hawk (Acciptiter 
nisus), red kite, MHvus milvus)
Spain chlorinated
pesticides
(Sierra eta l. 1987)
barn owls (Tyto alba) Spain chlorinated
pesticides
(Sierra and Santiago 
1987)




(Hernandez et al. 
1989)
2 . 4 . 3  Mammals
The ubiquitous presence of environmental contaminants has also been studied in a 
variety of mammals. Chlorinated pesticides and/or PCBs have been studied in raccoons 
(Valentine etal. 1988), otters and minks (Proulx et al. 1987; Somers et al. 1987; Wren 
1991; Mason and O'Sullivan 1992), dolphins and whales (M uir e ta l .  1988), rats 
(Khasawinah 1989; Neskovic et al. 1992), monkeys (Khasawinah 1989), and cows
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(Willett et al. 1990). A summary of some of the recent studies involving environmental 
contaminants such as chlorinated pesticides, and PCBs in mammalian species are listed 
in Table 2.3.




fishers (M artes pennanti), 
martens (M artes am ericana)
Canada chlorinated 
pesticides, PCBs
(Steeves e ta l. 1991)
cow United States PCBs (Willett eta i. 1990)
cow Canada chlorinated 
pesticides, PCBs
(Frank and Braun 
1989)
raccoon United States PCBs (Valentine eta l. 1988)
European otter (Lutra lutra) Ireland chlorinated 
pesticides, PCBs
(Mason and O'Sullivan 
1992)




(Somers eta l. 1987)
Alberta otter (Lutra  





mink (Mustela vison) Canada chlorinated 
pesticides, PCBs
(Proulx eta l. 1987)




(Smillie and Waid 
1987)
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(Muir eta l. 1988)
male Wistar rat Yugoslavia chlorinated
pesticide






2 .5  Human contamination
Investigations that examine the contamination o f the environment by anthropogenic 
compounds such as chlorinated pesticides, PCBs, and PAHs not only reflect man's 
concerns for the health of earth's diverse ecological systems, but also for the well being 
of its human inhabitants. Exposure routes o f environmental contaminants to humans 
involve dermal contact, inhalation, and ingestion. Ingestion, however, is typically the 
human exposure route of most concern. Although contaminated seafood appears to be a 
primary source of xenobiotic exposure, problems with contaminated milk (Kapoor et al. 
1980; Steffey et al. 1984; De la Riva and Anadon 1991) and other foodstuffs (Ip 1990) 
have also been identified. O ther studies have investigated the effects o f food 
preparation techniques on contaminated meat (Puffer and Gossett 1983; Trotter et al. 
1989; Lijinsky 1991).
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Human exposure to environmental chemicals has been recognized and documented in a 
number of studies. Numerous studies detecting concentrations of chlorinated pesticides 
and PCBs in human milk have been reported (Davies and Mes 1987; Dommarco et al. 
1987; Mes and Marchand 1987; Frank et al. 1988; Skaare et al. 1988; Dewailly et al. 
1989; Ip and Phillips 1989; Sant'A naef al. 1989; Zaidi etal. 1989; Galetin-Smith etal. 
1990; Monheit and Luke 1990; Skaare and Polder 1990; Dogheim et al. 1991; Kanja et 
al. 1992; Matuo et al. 1992; Hernandez etal. 1993). Still other studies have focused on 
determining the presence and concentration of these compounds in human blood and 
serum, adipose and other tissues (Karakaya and Ozalp 1987; Frank et al. 1988; Jan and 
Tratnik 1988; Skaare et al. 1988; Camps et al. 1989; Krawinkel et al. 1989; Rao and 
Banerji 1989; Stehr-Green 1989; Wariishi and Nishiyama 1989; W agner et al. 1991; 
Ferrer et al. 1992; Hovinga et al. 1992; Kanja et al. 1992; Mes 1992; Bouwman and 
Schutte 1993) have also been conducted. Polychlorinated biphenyls have also been 
reported in human amniotic fluid (Rao and Banerji 1988) and in follicular and seminal 
fluids (Schlebusch et al. 1989). A thorough review o f the presence o f organochlorine 
pesticides and PCBs in human adipose tissue has been conducted (Kutz et al. 1991) as 
well as a survey of urinary pesticide residues and their metabolites in the general 
population of the United States (Kutz et al. 1992).
2 .6  Uptake of environmental contaminants by biota
Chemicals that have been discharged into the environment distribute into different 
phases such as water, air, soil, and biota. It is generally understood that an equilibrium 
is established between these different phases which is dependent on the properties of 
both the chemical(s) and the phases (Mackay and Patterson 1981). The transfer of 
xenobiotics from water to biota is of critical importance because o f the significance of 
the potential adverse effects that anthropogenic chemicals may have on biota. The 
ability of biota to accumulate relatively low concentrations of compounds from water or
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through other pathways has resulted in attempts to utilize certain species as sentinel 
organisms. For instance, the analysis of mussels (M ytilus edulis) has been used to 
measure toxic organic compounds in quantities that were too small to be detected in the 
analysis of water (Connell 1988). The ability of biota to accumulate or store xenobiotics 
has been described  in term s o f b ioaccum ula tion , b ioconcen tra tion , and 
biomagnification. Descriptions o f each of these terms are discussed below. It is 
believed that a better understanding of the toxicological consequences associated with 
environmental contamination inay be improved by understanding these phenomena 
(Connell 1988).
2 . 6 . 1  Bioaccumulation, bioconcentration, and biomagnification
The public first became aware of the phenomenon of bioaccumulation in the 1960s 
when DDT and DDE were discovered as residues in tissues o f fish and wildlife. 
Reproductive failures and mortalities in fish and fish-eating birds were linked to the 
relatively high levels of DDT that were found in the fat of these animals. The idea of 
bioaccumulation was postulated from the observations that higher residue concentrations 
were found in animals in the top of the food chain than in the animals they consumed 
(Spacie and Hamelink 1985).
Reviews addressing aspects of bioaccum ulation have noted that chlorinated 
hydrocarbons dem onstrated the greatest ability to bioaccum ulate in fish. This 
phenomenon was attributed to this class of compounds' chemical stability and that they 
are not readily metabolized (Connell 1988). Another characteristic that determines a 
chemical's ability to be taken up by an organism is the extent in which it is lipophilic. 
Typically, the more lipophilic a compound, the more likely it is to be taken up by the 
organism and bioaccumulate in the lipid phase. The extent of lipohilicity of a compound 
can be estimated by the octanokwater partition coefficient, Kow.
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The list below describes the general characteristics that organic chemicals typically 
possess in order to exhibit an ability to bioaccumulate (Connell 1988):
• chemical structure has a high proportion of carbon-carbon bonds (aliphatic 
and aromatic (e.g. polynuclear aromatic hydrocarbons), carbon-hydrogen 
bonds, and carbon-halogen bonds (chlorinated pesticides and PCBs);
• molecular weight of the compound is less than 300 atomic mass units;
• chemical stability;
• Log Kow: bioaccumulation capacity increases for Kqw values of 2 to 5, and 
decreases for values that are greater than a Kmv of 6;
• low water solubility; and
• an extremely low degree of ionization.
The inability of an organism to readily metabolize a compound is also a factor that 
affects bioaccumulation.
The distribution of xenobiotics in marine environments can be described in terms of 
equilibrium constants. In other words, the chemical concentration relationships between 
air, water, and sediments exist in an equilibrium. However, the relationship occurring 
between lower and higher trophic levels of biota cannot be described in the same 
manner. Equilibrium and one-way transfers of chemical constituents are involved with 
biota that are in higher trophic levels (Connell 1988).
Bioaccumulation, or the transfer o f organic chemicals from a lower trophic level to a 
higher trophic level, has been described in a variety of ways (bioam plification, 
ecological magnification, bioconcentration, etc.). However, there are two basic types of 
bioaccumulation: bioconcentration and biomagnification. If the transfer path of the 
chemical is unknown then the term bioaccumulation is used. Bioconcentration involves
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the d irect acquisition  o f lipophilic com pounds from  the w ater to b iota. 
Biomagnification, on the other hand, involves processes of consuming food containing 
lipophilic contaminants. The chemicals then accumulate in the tissues of the consumer. 
This process can be repeated more than once during a food chain transfer and typically 
moves from low trophic level biota to high trophic level biota. According to Connell 
(1988), although this transfer process is referred to as biomagnification, an increase in 
the concentration of the xenobiotic in the predator compared to the levels in the food 
may not occur.
Bioaccumulation has been documented and studied extensively. The bioaccumulation of 
chlorinated pesticides, PCBs and/or PAHs has been studied or demonstrated in clams 
(Foster e ta l. 1987; DeLeon et al. 1988; Rajendran and Venugopalan 1991), plankton, 
mollusks, crustaceans and eel (van der Oost et al. 1988), oysters (Vreeland 1974; 
Rajendran and Venugopalan 1991), fish (Dowd et al. 1985; Rajendran and Venugopalan 
1991), heron (Dowd et al. 1985), and to some extent, crawfish (Dowd et al. 1985; 
Naqvi and Newton 1990).
2 . 6 . 2  Biomonitors / environmental sentinels
The practice of analyzing biological matrices for environmental contaminants has been 
used extensively as an environmental monitoring strategy. The levels o f lipophilic 
environmental contaminants in waters are typically too low to detect or quantify by 
conventional analytical methods. As a result, the use o f biomonitors or environmental 
sentinels have been proposed as a method to determine the status o f contamination by 
chemicals (Farrington et al. 1983). This idea takes advantage o f the bioaccumulation 
properties inherent in some organisms for lipophilic organic chemicals. The use of 
mussels (M ytilus species) has been used in the past in the EPA "Mussel Watch"
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program (Goldberg et al. 1977). The rationale for the sentinel organism approach in 
which bivalves are utilized are listed below (Farrington et al. 1983).
• bivalves are distributed over a wide geographic area,
• bivalves are sedentary (immobile),
• they possess good bioconcentration capabilities (concentration factors are 
102 to 105 over their habitat)
• provides for the assessment of biological activity of chemicals,
• bivalve xenobiotic metabolic activity is extremely low compared to fish or 
Crustacea,
• they have stable local populations allowing multiple sampling over different 
time periods,
• they are hardy, surviving in polluted environments,
• they can be transplanted to other areas for investigative purposes, and,
• bivalves are such a valuable source of commercial seafood that 
environmental contamination becomes an issue of public health.
Although it is generally recognized that the use of bivalves as environmental sentinels is 
a practical approach to pollutant analysis, it should also be recognized that the 
interpretation o f chem ical concentrations in bivalves must be made with an 
understanding o f their lim itations (Marion et al. 1987). These limitations should 
include, but not be limited to, the seasonal reproductive and lipid cycles that affect the 
uptake and storage of chemicals, the accumulation rates, and the depuration rates.
Mussels have been studied as biomonitors in Mobile Bay, Alabama (Marion et al. 1987) 
and in fresh water rivers(Bedford et al. 1968; M etcalfe and Charlton 1990). Other 
investigations have also used species other than mussels to monitor environmental 
contamination in water (Kilikidis et al. 1981; Sabourin et al. 1984)
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Catfish (Ictalurus punctatus) are also a logical model species to investigate new 
analytical sample preparation techniques; they are filter feeders, bottom dwellers, have a 
high fat content, and are an important food source. Catfish contain relatively higher 
levels o f fat than other fish species and therefore, tend to accum ulate organic 
contaminants at greater concentrations than leaner species (Michigan Department of 
Public Health 1989). Catfish are native to the United States and are important 
economically and as a food source. Ictalurus punctatus is an important food species in 
Louisiana which is the top catfish consum ing state in the nation (Curry 1994). 
Currently, the annual per capita catfish consumption is approximately 0.9 lb/person 
resulting in a ranking as the nation's sixth most popular fish. Overall, per capita fish 
consumption in 1992 totaled over 3.7 billion lbs in the United States (Feedstuffs 1993). 
M ost o f the commercially available catfish are raised or farmed in permanent pond 
systems. Mississippi currently produces most of the farmed catfish in the country with 
over 90,000 acres of ponds in production. Louisiana produces over 45 million pounds 
annually with 14,000 acres of ponds in production. However, natural habitats, such as 
those found throughout Louisiana and the Gulf Coast, are still very important sources of 
catfish. Unfortunately, some o f these same habitats have been contaminated with 
chemicals as a result o f agricultural, urban, or industrial activities and have been 
previously reported (Stalling et al. 1973; Frank et al. 1978; Martin 1980; Winger et al. 
1984; W inston et al. 1987; Christiansen et al. 1990-1991; Leiker et al. 1991; 
Southworth et al. 1992; DiGiulio et al. 1993).
2 .7  Toxicological significance
2 . 7 . 1  Polynuclear aromatic hydrocarbons
Polynuclear aromatic hydrocarbons represent a significant class o f organic pollutants 
released into the environment in relatively large quantities as a consequence of human
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
activities. Polynuclear aromatic hydrocarbons constitute some o f the components of 
crude and refined oil and coal. Environmental contam ination has resulted most 
noticeably from oil spills, or similar events, and urban runoff. Additional sources and 
routes of environmental contamination by PAHs are from the combustion of fossil fuels 
via fires or the internal combustion engines of automobiles.
Benzo[a]pyrene (BAP) is a five membered PAH and has been the subject of numerous 
toxicological studies (Miller 1951; Brookes and Lawley 1964; Gelboin 1969; Sims et al. 
1974; Thakker et al. 1977; Kapitulnik et al. 1978; Levin et al. 1982; Niranjan et al. 
1984; Birgersson et al. 1985; Jongeneelen et al. 1985; Brunstrom 1986; Topp and van 
Bladeren 1986; D ogra and Israels 1987; Keller et al. 1987; Varanasi et al. 1987; 
Cavalieri et al. 1988; Wroblewski et al. 1988). Benzo[«]pyrene has been demonstrated 
to be metabolized by the cytochrome P-450 mixed function oxidase enzymes into a 
potent carcinogen 7,8-diol-9,10-epoxide-benzo(a)pyrene (Boyland 1950; Conney et al. 
1957; Brookes and Lawley 1964; Grover and Sims 1968; Gelboin 1969; Sims et al. 
1974; Sims 1975; Thakker et al. 1977; Kapitulnik et al. 1978; Levin e ta l. 1982; 
Ioannides et al. 1984; Parke and Ioannides 1984; Ioannides and Parke 1987). A 
schematic of the biotransibrmalion pathway is illustrated in Figure 2.2.
Predictably, BAP and similar PAHs exhibit low solubilities in water as the result of the 
hydrophobic characteristics and structures. (0.5 to 5.0 parts per billion) (N eff 1985). 
As a result, PAHs are readily adsorbed on particulate matter in water. In fact, most of 
the PAH found in aqueous environments adsorb to organic and inorganic particles and 
tend to settle and accumulate in bottom sediments. BAP has also been reported to be 
present in the tissues of a variety of aquatic organisms obtained from contaminated 
water ways. (Neff 1985).











Figure 2.2 The dihydrodiol epoxide pathway for the metabolic activation of 
benzo[n]pyrene.
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In fish, PAHs are metabolized and excreted as polar metabolites and conjugates via the 
bile (gallbladder) or urine. Polynuclear aromatic hydrocarbons and their metabolites 
have been shown to accumulate in various tissues o f the fish including gallbladder, 
brain, visceral depot fat and the spleen (Neff 1985) and skin (Varanasi et al. 1978). The 
accumulation of PAHs from contaminated food ingested by fish is a concern. Although 
there is variability in the adsorption of PAHs from food, a review has discussed some 
general trends (Neff 1985).
M ost of the PAHs are believed to be strongly bound to the digestive tract (Neff 1985). 
Assimilated PAHs accumulate first in the liver and then are subsequently distributed by 
the blood to the other organs. Polynuclear aromatic hydrocarbons and PAH metabolites 
(produced in the liver) tend to accumulate in several tissues particularly fat, muscle, and 
the skin. Polycyclic aromatic hydrocarbon metabolites have been reported to be retained 
in certain tissues, especially muscle tissue, well after the parent PAH has been 
metabolized and excreted (Neff 1985).
One o f the primary reasons for concern about PAH environmental contamination has 
been because of the ability of polynuclear aromatic hydrocarbons to cause cancer in 
humans (Zedeck 1980). Parent compounds are not necessarily carcinogenic. For 
instance, benzo[«]pyrene undergoes metabolic activation to form electrophilic 
metabolites that are very reactive. The structure of the PAH metabolites, which are 
produced by the cytochrome P-450 mixed function oxidase enzyme system, determine 
the degree of carcinogenicity. The mechanism of carcinogenesis appears to be from the 
covalent binding of the electrophilic PAH epoxide metabolite to the nucleophilic residues 
in cellular macromolecules such as DNA (Pelkonen et al. 1978; Dipple et al. 1990; 
Dipple and Bigger 1991). High incidents of fish tumors in areas close to sources of
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PAHs have provided evidence of a causal relationship between the exposure to 
polycyclic aromatic hydrocarbons and the development of neoplastic lesions (Malins et 
al. 1984; N eff 1985; Dawe 1990; Myers et al. 1991). It is important to note that the 
majority of neoplastic lesions have been observed in the liver, which is the primary site 
o f mixed function oxidase (MFO) activity in fish (Dawe 1990).
An interesting paradox was observed by Dawe (1990). In a study involving the 
occurrence of liver tumors in winter flounder taken from a contaminated environment, 
there were no detectable levels of PAHs in the muscle tissue. On the other hand, 
lobsters and clam s from the same area were found to have significant PAH 
concentrations in their tissues. It would seem that although the winter flounders served 
as environmental indicators of carcinogens (through the exhibition of liver tumors), the 
crustaceans and mollusks were more important as bioaccum ulators and therefore 
conveyors of the PAH carcinogens. These differences are attributed to the relatively 
high metabolic activity of the fish liver in which the majority of the PAH carcinogens are 
transformed and eliminated as compared to the low biotransformation activity of the 
hepatopancreas in the lobster and clam.
Questions remain regarding the risks to human health and the consumption o f fish and 
other aquatic food sources taken from contaminated areas where the incidence of 
neoplasms are high. Although the answers are unclear at this time, such questions 
increase the need to readily quantify the levels of PAHs in aquatic organisms.
2 . 7 . 2  Chlorinated pesticides and PCBs
Polychlorinated biphenyls are so closely related to chlorinated pesticides in terms of 
their physical, chemical, and toxicological properties that their existence and effects in
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the environment and, subsequently, their treatment in the literature are practically the 
same. Therefore the toxicological significance of both classes will be addressed here.
Chlorinated pesticides and polychlorinated biphenyls, like PAHs, represent a significant 
class of organic pollutants which possess sim ilar physical and chemical properties. 
Unlike chlorinated pesticides, however, PCBs were manufactured to perform in closed 
systems such as transformers and electrical capacitors, whereas the introduction of 
pesticides into the environm ent have always been intentional. Thus, chlorinated 
pesticides and PCBs are anthropogenic, whereas PAHs are produced by both nature and 
man. The solubility o f chlorinated pesticides and PCBs tend to be in the parts per 
billion range and therefore are typically bound to sediment or suspended organic matter 
in aquatic environments. Pesticides can also volatilize (Nimmo 1985). Chlorinated 
pesticides and PCBs are very stable com pounds and are highly lipophilic. 
Com mercially produced PCBs are com prised of m ixtures o f up to ten different 
congeners (one for each level of chlorination) and 209 different isomers. The chemical 
structures of some o f the chlorinated pesticides and PCBs are illustrated in Figures 2.3 
and 2.4, respectively.
Contamination of the environment by these compounds is significant and has been 
documented in innumerable studies (Nimmo 1985). The contamination o f aquatic 
environments has taken place through intentional application, agricultural runoff, 
accidental release and/or poor manufacturing controls. Other significant pathways by 
which PCBs and chlorinated pesticides may enter the environment include atmospheric 
transport with wet/dry deposition and poor hazardous waste disposal management. 
Polychlorinated biphenyls have been described by the U.S. W ildlife and Fisheries 
Service as being ubiquitous in fish (Schmitt et al. 1985). Like PAHs, these compounds

















Figure 2.3 Chemical structures of common chlorinated pesticides.














Figure 2.4 Chemical structures of some common polychlorinated 
biphenyl congeners (PCBs).
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may readily bioaccumulate in aquatic species and other biota (birds, mammals, etc.). 
The toxicology of these compounds has been investigated and described in a number of 
studies and reviews.
Environmental problems associated with chlorinated pesticides were first brought to 
national significance with the publication o f the book "Silent Spring" (Carson 1962). 
However, scientific reports suggesting the toxicological impact o f DDT were published 
as early as 1945 (Nimmo 1985), shortly after the discovery of DDT. The pathology of 
chlorinated pesticide poisoning has been reviewed (W alsh and Ribelin 1975). A 
summary o f tissue lesions in aquatic animals induced by controlled exposures to 
environmental contaminants was also examined (Meyers and Hendricks 1982) and the 
histopathological effects of pesticides on the liver of fishes were reviewed (Couch 
1975). The effects o f these compounds on the quality and quantity of fish crops in 
China have also been addressed (Liu and He 1987). Toxicological manifestations of 
chlorinated pesticides and PCBs have been examined in fish-eating birds in the Great 
Lakes Region (Gilbertson et al. 1991; Swain 1991), rats (Siddiqui et al. 1987; Chu et 
al. 1988), other mammals (Hansen 1976; Roller 1980), other species of birds (Dieter 
1974; Dieter 1974; Kozie and Anderson 1991), and aquatic organisms (Lowe et al. 
1971; Cossarini-Dunier et al. 1987; Jarvinen et al. 1988; Reddy et al. 1991). The 
environmental and mammalian toxicology o f PCBs has also been extensively reviewed 
(Safe 1987).
The hazards and risks associated with consuming foods contaminated with chlorinated 
pesticides and PCBs have been extensively reported (Fishbein 1978; Munro and 
Charbonneau 1978; GAO 1986; Peach 1986; Swain 1988; Chem. 1989; Foran et al. 
1989; Bates 1990; Chemists 1990; Boyer et al. 1991; Kimbrough 1991; Abbott 1992; 
Scheuplein 1992; Winter 1992).
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2 .8  Regulatory perspectives
A number of legislative laws enacted since the late 1960's have initiated the development 
and standardization of analytical methods for environmental contaminants. An overview 
o f environmental legislation has been presented by Foster (Foster 1985). The first 
modern major legislative act enacted in 1969 by the United States Congress, was the 
National Environmental Policy Act (NEPA) (40 CFR 1500-1517 Chap. V. ) and the 
Environmental Quality Improvement Act (EQIA) (3 CFR E012761 ) of 1970. Shortly 
thereafter, Congress created the USEPA from which to coordinate government action 
and focus authority for protecting the environment. As a result, the USEPA 
implemented four major pieces of environmental legislation. Am endm ents to the 
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) o f 1947 and Federal 
W ater Pollution Control Act of 1948 (FWPCA) in 1972 placed them under the control 
of the USEPA. Another piece of legislation in 1972 was the enactment of the Marine 
Protection Research and Sanctuaries Act (MPRSA) (15 CFR 902-944) implemented to 
expand the United States protection of the open ocean to the extent of their authority. In 
1976, the Toxic Substances Control Act (TSCA) gave the USEPA regulatory control 
over com m ercial chemical use. Other significant enactm ents of environm ental 
legislation since then include the Resource Conservation and Recovery Act (RCRA) (40 
CFR 260-299 ), and CERCLA, and Superfund Amendment and Reauthorization Act 
(SARA) (40 CFR 300-399 ).
2 . 8 . 1  Residue monitoring
Ultimately, three federal agencies participate in the responsibilities of regulating 
pesticides, the USEPA, U. S. Department of Agriculture (USDA), and FDA. The
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USEPA has the responsibility o f approving the use of pesticides as well as establishing 
residue tolerances in foods (Trichilo and Schmitt 1989). The USDA enforces these 
tolerances in meat and poultry and the FDA is in charge of enforcing residue tolerances 
for any other food products shipped in interstate commerce (Lombardo 1989) although 
the FDA does play a role in aiding the USEPA in establishing residue goals (Boyer et al. 
1991).
Currently, the FDA conducts an extensive residue monitoring program each year 
involving the analysis of over 20,000 samples using multiple residue methods. An 
overview of this program and the results since 1978 have been reported in the literature 
(Reed et al. 1987; Gunderson 1988; Wessel and Yess 1991; Yess 1991; Yess et al.
1991). Data collection and dissemination programs as implemented by the FDA and 
have been described (Minyard et al. 1989; Minyard and Roberts 1991). Seafood and 
seafood products, although not previously required to pass unified, continual federal 
inspections by the FDA, remain a concern with the public because of the spectre of 
environmental contaminants (Johnsen 1991). In 1965, the U. S. Bureau of Commercial 
Fisheries began a program, the National Pesticide Monitoring Program, that lasted till 
1972. This program was instituted to monitor chlorinated pesticide residues in shellfish 
populations off the coasts of 15 states (Butler 1973). The results demonstrated that 
DDT was virtually ubiquitous. This program was continued to 1976 and indicated that 
pesticides concentrations were declining (Butler and Schutzman 1978). In 1977, the 
USEPA conducted a one time sampling event of bivalves from the estuaries previously 
monitored under the National Pesticide Monitoring Program which demonstrated that 
the presence of pesticides had continued to decline dramatically (Butler et al. 1978).
The Food Safety and Inspection Service (FSIS) of the USDA is responsible for 
monitoring the residues of chemicals that might be present in meat and poultry products.
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This responsibility is manifested by the National Residue Program (NRP). The NRP 
enables the sampling and testing of meat and meat products for residues, from 
pesticides, environmental contaminants, and animal drugs (Ellis 1989; Norcross and 
Post 1990).
The National Oceanic and Atmospheric Administration (NOAA) created the National 
Status and Trends (NS&T) Program to assess the effects of human activity on the 
quality of coastal and estuarine habitats throughout the United States. This program 
was designed to monitor chemical contamination and the biological effects of chemical 
contamination. Two efforts were begun in 1984 and 1986 to monitor the tissues of 
benthic fish (The Benthic Surveillance Program) and bivalve mollusks and sediments 
(The Mussel Watch Program), respectively. The results o f these programs and the 
identification o f some of the early trends have been reviewed (O 'Connor 1991; 
O'Connor and Ehler 1991)
A problem arising from the existence of so many monitoring and data gathering 
programs is the lack of integration of the enormous amounts of information that is 
generated. As a result, policy and decision makers seldom have easy access to this 
information from which to prioritize research or determine to what extent policy goals 
are being attained. From this concern, the USEPA has initiated an integrated program 
for monitoring ecological status and trends known as the Environmental Monitoring and 
Assessment Program (EMAP) (Messer et al. 1991). The problem of integrating various 
sources of environmental monitoring and residue data are even greater when one 
considers this issue globally.
Outside of the United States, there are over 50 international organizations that arc 
involved in the monitoring of pesticides. However, there are legitimate concerns that
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developing nations do not possess the resources necessary to evaluate the toxicity of 
contaminated food or to perform residue monitoring. In recognition of these concerns, 
the United Nations has instituted several organizations which function to resolve the 
problems arising from conflicting agencies and countries with limited resources. These 
efforts, and the problems that exist, has been reviewed (Ekstrom and Akerblom 1990).
Even with the existence of substantial legislation and monitoring programs enacted to 
protect the consum er from harmful chemical residues in food, the public remains 
concerned over the issue. According to a survey that was conducted in 1992 (W inter
1992) on dietary pesticide risk assessment, 80% of U. S. shoppers stated that pesticide 
residues in foods were a major concern. The subject of pesticides and food safety has 
been reviewed (Fan and Jackson 1989) and a discussion on residue concerns in 
seafoods has been recently published (Price 1992). Action levels established by the 
FDA for various environmental contaminants are given in Table 2.4 from information 
compiled in 1992 (Price 1992).
2 .9  Residue analysis
The analysis o f residues (w hether drugs, pesticides or o ther environm ental 
contaminants) in biological matrices were initially developed and performed on the basis 
of individual analytes (Sherma 1990). It was not until the advent o f chromatographic 
techniques (paper chromatography, thin-layer chromatography, gas chromatography 
and high pressure liquid chromatography) that multi-residue analyses were routinely 
employed. The classical method developed by (Mills 1959) for the analysis of 
chlorinated pesticide residues in foods using paper chromatography was pivotal in terms 
of the evolution of multi-residue analyses. According to Sherma (Sherma 1990), the 
Mills method, which utilized solvent partitioning techniques for compound isolation and
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columns (e.g., Florisil, which is a mixture of magnesium dioxide, silicon dioxide, and 
sodium sulfate) for fractionation and sample cleanup,
Table 2.4 USFDA action levels for some environmental contaminants in fish and shellfish.
Contaminant FDA Action Level
Polychlorinated Biphenyls 2.0 ppm
Polynuclear Aromatic Hydrocarbons No Action Level
Dichlorodiphenyl-trichloroethane (DDT) 5.0 ppm
Dichlorodiphenyl-dichloroethene (DDE) 5.0 ppm
Dichlorodiphenyl-dichloroethane (TDE) 5.0 ppm
Chlordane 0.3 ppm
Heptachlor 0.3 ppm
Heptachlor epoxide 0.3 ppm
Dieldrin 0.3 ppm
Toxaphene 5.0 ppm
became the foundation of the FDA monitoring program for the analytical techniques 
utilized for multiple pesticide residues.
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Further refinem ent o f the M ills m ethod was published in 1963 using gas 
chromatography and a halogen-specific detector (Mills et al. 1963) and became known 
as the MOG (named after the authors, Mills, Onley and Gaither) method (Sherma
1990). Subsequent collaborative studies following the Mills method eventually led to 
the publication of multi-residue methods in the AOAC (Association of Official Analytical 
Chemists) Official Methods of Analysis (AOAC 1990) and are the basis o f most multi­
residue methods that are utilized today. A more thorough review of the evolution of the 
multi-residue method has been published (Burke 1971).
Analytical m ethods utilized for the determ ination o f residues or environm ental 
contam inants in biological matrices can typically be divided into two separate 
procedures. The first part involves the preparation and subsequent cleanup (if required) 
o f the sample prior to analysis. The second part o f the method is known as the 
analytical finish and usually describes procedures that are associated with the isolation 
and detection of the prepared sample extract by an instrument. Insufficient sample 
cleanup o f biological matrices may preclude reliable results from the analytical 
instrument (gas chromatograph or high pressure liquid chromatograph) used because of 
the deterioration of these systems (W alters 1990) and the presence of numerous 
interferences.
Modern multi-residue analyses primarily involve the use of chromatographic devices 
coupled with specific and non-specific detectors. The review of multi-residue methods 
addressed here are organized into a similar manner: sample preparation / cleanup and 
analytical finish. Table 2.5 lists various studies related to the analysis of polynuclear 
aromatic hydrocarbons, chlorinated pesticides, and PCBs. References are organized 
according to the analyte(s), matrix, sample preparation technique, sample cleanup, and 
analytical finish.
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Florisil column GC/ECD (Krause 1973)
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1 Gas Chromatography / Mass Spectrometry
2 Super-critical Fluid Extraction
3 Selected Ion Monitoring
4 Reverse Phase High Pressure Liquid Chromatography /  Ultra-violet detector
5 Gas Chromatography / Ultra-violet detector /  Fluorometric detector
6 Gel Permeation Chromatography
7 High Performance Thin Layer Chromatography
8 Gas Chromatography / Flame Ionization Detector
9 Gas Chromatography / Flame Photometric Detector
10 Gas Chromatography / Electron Capture Detector
11 Gas Chromatography / Electrolytic Conductivity Detector
12 Thin Layer Chromatography
3̂ Gas Chromatography / Nitrogen-Phosphorous Detector
14 Negative Ion Chemical Ionization
15 Direct Insertion Probe
2 .1 0  Sample preparation
Although the analysis of tissue residues for pesticides and other environmental 
contaminants has been performed for a number o f decades, the sample preparation 
techniques initially developed are still being used today. Typically, extraction 
procedures involve the homogenization of the sample (whole, edible portions, specific 
organs, etc.) with an organic solvent used to extract the compounds o f interest. The 
homogenate is then subjected to additional cleanup procedures to isolate the target 
compounds front the other coextracted materials (e.g., lipids). The majority o f the 
sample preparation methods all utilize these basic techniques, with variations in the
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solvent or solvents used, number of partitioning steps, and various adsorption columns 
(e.g., Florisil, silica, gel permeation chromatography, etc.). These techniques have 
been reviewed in detail (Burke 1971; Reid 1986; Walters 1990; Liem et al. 1992). More 
recent sample extraction techniques that vary from the typical methods used in the past 
are supercritical fluid extraction (SFE) and matrix solid phase dispersion (MSPD).
Super-critical fluid extraction (SFE) involves the use of pressurized carbon dioxide 
which becomes a fluid at its supercritical point and is very non-polar. Modification with 
solvents, such as methanol, permit extraction of lipophilic compounds from complex 
matrices. Once extracted, the compounds of interests are concentrated when the carbon 
dioxide is brought back to normal pressure. Some of the problems associated with this 
technique are related to the special apparatus required and the need for additional sample 
cleanup prior to chromatographic analysis. The primary advantage is that it provides an 
alternative to using organic solvents (Walters 1990).
M atrix Solid Phase Dispersion (MSPD) involves the blending o f an octadecylsilyl 
(ODS)- (or other lipophilic silyl material) derivatized silica (C is) with the tissue sample 
in a mortar and pestle. The contents are transferred to a "syringe column" and the 
compounds o f interests are eluted and ready for direct analysis. This technique is 
discussed in more detail below.
2 .1 1  Matrix Solid Phase Dispersion (MSPD)
The Analytical Systems Laboratory at the Louisiana School o f Veterinary Medicine in 
the Department of Physiology, Pharmacology and Toxicology has directed its research 
to the development of a sample preparation technique to facilitate the detection and 
quantitation of xcnobiotics present in biological matrices. This sample preparation is 
known as matrix solid phase dispersion or MSPD (U. S. Patent Number 5,272,094).
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This technique addresses the shortcomings o f previously developed methods used for 
the isolation of chemical residues in biological matrices while eliminating many o f the 
difficulties that have plagued sim ilar attempts in the past. M atrix Solid Phase 
Dispersion has resulted in a generic approach to sample preparation that allows one to 
utilize conventional analytical finishes which eliminates many of the classical sample 
preparation complications. Since this technique is effective in the removal of interfering 
coextractants that typically accompany the isolation of compounds from tissues, the 
resultant extract is suitable for the use of automated techniques that are available for 
analytical finishes (automated liquid samplers, automatic injectors, etc.). It has been 
proposed that MSPD serve as a generic technique that could be used to speed and 
further enhance the process of tissue analysis for a wide range o f drugs analyzed by 
immunoassay or other techniques (Barker and Long 1992).
2 .1 2  MSPD applications
A number o f applications have already been developed utilizing MSPD sample 
preparation techniques. Most of the initial investigations utilizing MSPD have involved 
the analysis of drug residues in various biological matrices (Barker et al. 1989; Long et 
al. 1989; Long et al. 1989; Long etal. 1989; Long etal. 1990; Long et al. 1990; Barker 
and Long 1992; Barker and Long 1992) although some environmental contaminants 
have been examined (Long et al. 1991; Long et al. 1991; Barker and Long 1992; Lott 
and Barker 1993). The compound classes for which MSPD extraction methodology 
has been established are listed in Table 2.6. This table presents the classes of 
compounds examined in the above cited reference and is an updated version of the table 
that had been previously compiled (Barker and Long 1992).
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Table 2.6 Compound classes for which MSPD extraction methodology has been established.
Compound Matrix Recovery MSPD Elution 
Solvent
Aminoglycosides
Neomycin bovine kidney 88.6±4.6 0.1 N Sulfuric 
Acid
Avermectin
Ivermectin bovine liver 74.9+7.3 CH2CI2:EtOAc1
(3:1)
Benzimidazoles
Albendazole milk 81.1+6.8 EtOAc
bovine muscle 73.9+8.0 EtOAc
bovine liver 72.4+2.6 EtOAc
swine muscle 93.0+6.2 EtOAc
Fenbendazole (FBZ) milk 69.7+8.9 EtOAc
bovine muscle 74.0+11.8 EtOAc
bovine liver 62.0+5.3 EtOAc
swine muscle 98.0+5.3 EtOAc
FBZ-OH milk 94.4+5.1 EtOAc
bovine muscle 68.4+10.5 EtOAc
FBZ-S02 milk 100+4.1 EtOAc
bovine muscle 85.7+15.0 EtOAc
Mebendazole milk 101+4.1 EtOAc
bovine muscle 63+4.2 EtOAc
liver 93.0+5.7 EtOAc
swine muscle 85.2+3.2 EtOAc
Oxfendazole milk 107+2.3 EtOAc
bovine muscle 82.9+9.5 EtOAc
bovine liver 86.8+10.8 EtOAc
swine muscle 92.2+7.8 EtOAc
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Table 2.6 Compound classes for which MSPD extraction methodology has been established, 
continued.
Compound Matrix Recovery MSPD
Solvent
Benzimidazoles
Thiabendazole milk 88.7+5.8 EtOAc
bovine muscle 63.819.6 EtOAc
bovine liver 78.511.0 EtOAc
swine muscle 85.516.8 EtOAc
Beta Lactams
Penicillin bovine muscle 86.316.1 MeOH2
Ampicillin bovine muscle 59.819.8 MeOH
Cefalosporins
Cephapirin bovine muscle 72.4126.5 MeOH
Chloramphenicol milk 68.718.3 EtOAc
Chlorsulfuron milk 94.215.8 CH2CI2
Chlorsulon milk 99.815.3 B 2O23
Furazolidone swine muscle 89.518.1 CH2CI2
chicken muscle 89 CH2CI2
milk 81.718 CH2CI2
Nicarbazin chicken liver 87.811.9 AON4
chicken muscle 84.417.9 ACN
Sulfonamides (S=su!fa)
S-methazine swine muscle 84.718.2 CH2CI2
milk 92.715.6 CH2CI2
infant formula 99.118.8 CH2CI2
S-methoxazole swine muscle 95.7114.8 CH2CI2
milk 89.418.3 CH2CI2
infant formula 11218.2 CH2CI2
S-anilamide swine muscle 70.4112.7 CH2CI2
milk 73.117.3 CH?CI?
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Table 2.6 Compound classes for which MSPD extraction methodology has been established, 
continued.
Compound Matrix Recovery MSPD
Solvent
Sulfonamides (S=sulfa)
S-thiazole swine muscle 80.3+11.1 CH2CI2
milk 93.7±2.7 c h 2c i2
infant fo/mula 75.9+11.1 c h 2c i2
Sulfisoxazole swine muscle 92.8+11.8 c h 2c i2
milk 88.6±11.2 c h 2c i2
infant formula 93.1 ±9.7 c h 2c i2
Tetracyclines
Chlortetracycline milk 77.2+11.3 ACN:EtOAc
(3:1)




Tetracycline milk 63.5+19.6 ACN:EtOAc
(3:1)




2 .1 3  Analytical mechanism of action
The MSPD process appears to be relatively simple. It combines two classical methods 
for sample preparation: the use of abrasives to homogenize a sample and the use o f a
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lipophilic detergent or solvent to disrupt cell membranes or micelles. In this case, the 
lipophilic material is bound to the abrasive and does not itself interfere with the process. 
M atrix Solid Phase Dispersion involves blending a solid support, such as silica 
particles, that have been coated or derivatized with an organic liquid such as 
octadecylsilane (Cjs) with a sample matrix (i.e., tissue). The C is serves to solubilize 
lipids and induce hydrophobic /  lipophilic interaction in a sample. An insight into this 
possible mechanism of action was derived from the work of (Hines et al. 1991; Barker 
et al. 1993) which involved the lysis and fractionation o f microorganisms using matrix 
solid phase dispersion. Two types of bacteria were blended with C | s and subsequently 
used to prepare a column that in turn, was sequentially eluted with solvents of 
increasing polarity. Analysis o f the individual solvent fractions were performed to 
confirm the contents that were eluted from the Cig/tissue blend. Portions of the Cis- 
tissue blend were also subjected to scanning electron microscopy (SEM). A negative 
control was performed to illustrate the appearance of C|8 alone and is depicted in Figure 
2.6. A positive control, depicted in Figure 2.7, was performed to demonstrate the 
effect of the undcrivatized silica particles and bacterial cells. It is interesting to note that 
although the silica caused some cellular lysis from physical shearing forces, it does not 
compare to the complete cellular disruption illustrated in Figures 2.8 and 2.9 in which 
the Cig-derivatized silica was mixed with the bacteria in a mortar and pestle. It was also 
observed by the authors that the disrupted cellular material appeared to be relatively 
uniform in its dispersion over the derivatized particles and that they did not observe any 
evidence of intact bacteria cells that underwent mixture with the Cig-derivatized silica 
particles.
As a result of these observations, the authors have proposed the mechanisms for the 
process o f cellular lysis and dispersion of the cells' components. Although the silica's 
serrated edges have the capability to produce some shearing o f cells (Figure 2.7), it is
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believed that the lipophilic properties imparted on the silica by the C is liquid phase and 
the "end-capping" derivitization process (resulting in the etherization of the silicate 
functional groups) plays a much more significant role. It is thought that the highly 
lipophilic surface of the derivatized silica functions to solubilize the membrane lipids 
which results in the disruption process. The process appears to be uniform in the 
dispersion o f the cellular material as indicated in Figure 2.9. This hypothesis is further 
extended to describe the orientation of neutral lipids and phospholipids as forming a 
stable arrangement with the polymer coating of the silica and that the polar constituents 
of the cells are dispersed and associate with the polar regions of the phospholipids and 
other cellular components. This arrangement appears to give rise to a "polymer/tissue 
matrix assemblage on a solid support" or a C is-tissue blend that can be easily 
manipulated, packed into a column and subjected to elution by a variety of solvents.
The resulting blend is a semi-dry material that can be easily handled or manipulated so 
that transfer of the blend into a column can be accomplished with relative ease. The 
packed column that results can then be subjected to various solvents o f different polarity 
and properties so that the compound(s) of interest can be eluted in a solution that is 
typically free from interferences. In this manner, specific compounds or classes of 
compounds or drugs can be extracted and isolated in a rapid fashion based on their 
distribution between the polymer-dispersed tissue matrix blend and the polarity of the 
eluting solvents that are selected. Table 2.7 illustrates the fractionation o f various 
biological components (Hines et al. 1991) by solvents of increasing polarity.
2 .1 3  Immunoassays
Recently, there has been increasing interest in the use o f immunoassays to screen 
environmental samples and food products for contaminants (Kaufman and Clower
1991). A number o f assays o f this type have been developed for the detection of
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Figure 2.6 Scanning electron micrograph (SEM) of Cig-deriviatized particle.
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Figure 2.7 Scanning electron micrograph (SEM) of silica and bacteria.
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Figure 2.8 Scanning electron micrograph (SEM) of Cjg-derivatized particle and 
M. Paratuberculosis.
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Figure 2.9 Scanning electron micrograph (SEM) of Cig-derivatized and E. Coli.
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environmental contaminants in food products, water, and sediments (Newsome 1986; 
Hammock et al. 1987; Stanker et al. 1990; Kaufman and Clower 1991).
Table 2.7 MSPD fractionation of tissues.
Solvent Strength (polarity) Major Compounds Identified
Hexane 0.01 Triglycerides (>98%) TLC
Cholesterol (2%)









Polyols (Inositol) - (Trace)
Free Fatty Acids (Trace)
Methanol 0.95 Inositol
Sugars (Trace)
Water Large Phosphorylated Sugars
Short Chain Carboxylic
Soluble Proteins
Water > Methanol > Acetonitrile > Ethyl Acetate>Dichloromethane>Hexane
Compounds and classes of compounds that have been investigated include:
• Paraquat










Although the benefits associated with the use of immunoassay for on-site screening 
techniques at food processing facilities and during environmental site characterization 
studies would be significant (Lee and Richman 1991), further developm ent and 
refinements will be necessary before their widespread use and agency acceptance will be 
realized. Issues such as cross reactivity and specificity still bear quantitative 
examination before environmental monitoring applications for this technology matures. 
However, antigen-antibody chemistry offers a number of advantages that warrant the 
further developm ent into a standard environm ental m onitoring technique. 
Immunoassays are advantageous in that they enable an investigation to be conducted on 
a large number of samples for a variety of compounds in a relative short period o f time.
2 .1 4  Analytical finish
2 .1 4 .1  Gas liquid chromatography
The analytical finish utilized for most m ulti-residue analyses is gas liquid 
chromatography (GLC). This technique has been the method of choice for chlorinated 
pesticides and PCBs. The electron capture detector (ECD) is used most frequently for 
trace chlorinated hydrocarbon analyses because of its sensitivity to halogenated
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compounds. A variety of columns, both packed and capiilary, polar and non-polar have 
been utilized with varying temperature conditions to effect the resolution o f different 
chlorinated pesticides and/or polychlorinated biphenyls.
Confirmation of pesticides are usually performed by analyzing the sample extract with 
two dissimilar columns or with a more specific detector. Some o f the other detectors 
utilized for the gas chromatographic analysis o f chlorinated pesticides and PCBs include 
the flame ionization detector (FID), the electrolytic conductivity detector (ELCD), mass 
spectrometer (MS), and more recently, but less importantly, the atomic emission 
detector (AED). Polynuclear aromatic hydrocarbon analyses performed using GLC 
utilize the FID or MS as a detector. The mass spectrometer is one o f the most preferred 
detectors because o f its flexibility in terms of mass selection and qualitative strength in 
terms of compound identification. Discussions on the strengths and limitations of some 
o f these detectors have been published (Onuska and Terry 1989; Wylie and Oguchi 
1990; Hopper 1991).
2 .1 4 .2  High pressure liquid chromatography
High pressure liquid chromatography (HPLC) is another chromatographic technique 
that also involves the use of columns for separating the compounds of interest from one 
another and quantitating them with various detectors. The difference in HPLC analyses 
resides in the fact that this analytical technique does not require the volatilization (and, 
thus, thermal stability) of the analytes. HPLC analyses are usually performed at room 
temperature, whereas GLC methods may employ temperatures up to 300 degrees 
Centigrade. Further, HPLC utilizes solvents, rather than inert gasses, to separate 
analytes over a much shorter packed column than those utilized in GLC. Gas liquid 
chromatographic columns typically range from two to 30 meters in length, depending on 
whether they are packed or capillary columns, respectively.
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It is generally recognized that there are two types of solvent systems utilized for HPLC 
analyses, normal phase and reverse phase. Normal phase systems utilize polar columns 
(silica) with non-polar solvents (e.g., hexane). Reverse phase HPLC, which has 
becom e more popular, involves using non-polar columns (C is) with polar solvent 
systems (e.g., water, acetonitrile, methanol, etc.). Although HPLC methods are not 
typically used for the analysis o f chlorinated pesticides and PCBs, they have found 
favor with analysts in the analysis o f PAHs. Reverse phase HPLC is, in fact, the 
system of choice.
The detectors used in HPLC are usually spectrophotometric in nature. The most 
common HPLC detector is the ultra-violet/visible (UV-Vis) wavelength detector. These 
detectors can be found in fixed wavelength configurations (e.g., 254 nm, etc.) and 
variable wavelength configurations. Some of the more recent UV-Vis HPLC detectors 
called diode arrays are able to perform full UV spectrum scans "on the fly" or during the 
chrom atographic run. These types o f capabilities allow the analyst to program  
wavelengths that have the maximum sensitivity for the compound o f interest or provide 
a more qualitative identification of an analyte by obtaining a full spectrum.
Another popular HPLC detector used for PAH analysis is the fluorometric detector. As 
with the UV-Vis detector, the fluorometric detector can be configured in a fixed 
wavelength mode (for excitation and emission) or in a scanning mode. An advantage of 
the fluorometric detector is in its specificity for compounds, like PAHs, that possess 
fluorescence properties. Typically, the detector responses for fluorescence are much 
greater than the responses for UV-Vis detectors. Further, fluorescence HPLC detectors 
are not as subject to interferences as UV-Vis detectors since the light is measured at a 90
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degree angle from the light source rather that from 180 degree angle as with the UV-Vis 
detector.
2 .1 4 .3  Hyphenated analytical techniques
Hyphenated analytical techniques are methods that involve two analytical finishes. 
Examples of hyphenated techniques are HPLC-GLC or MS-MS. Some of the different 
hyphenated methods have been previously discussed (Liem et al. 1992). Hyphenated 
methods are not used routinely for residue analyses and are usually employed in an 
effort to compensate for poor sample preparation or cleanup methods or for difficult 
analyte separation.
2 .1 4 .5  Regulatory methods
The majority of the regulatory methods currently in use in the United States are involved 
in the analysis of contaminants in environmental samples (air, water, soil, biota) and in 
food or food sources. Environmental regulatory chemistry constitutes the bulk o f the 
activity that currently occurs and is the result of a number of significant congressional 
acts. Although the target analytes or compounds are the same or similar for most o f the 
legislative requirements, the methods that are mandated and employed for the analysis of 
these constituents are different. Some of these differences in the methods are due to 
differences in the matrix involved, the level of detection required for the analyte, and the 
intended use of the data (sometimes called the data quality objectives). Some of the 
more significant regulatory methods used in the analysis of environmental samples are 
listed below in Table 2.8.
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Table 2.8 Environmental regulatory methods.
Method Analytes1 Matrix Use Reference














































RCRA3 and is 
designed to 
protect human 
health and the 
environment
Subtitle C 40 
CFR 260-268, 
270-272,280
Subtitle C 40 
CFR 240 - 
280, 40 CFR 
258












and insure it 
meets federal 
standards
40 CFR 141 
40 CFR 142
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1 The analytes listed are grouped into analytical fractions. The list of compounds 
from method to method will differ.
2 Code of Federal Regulations
3 Resource Conservation and Recovery Act
The purpose of this study was to develop, and to demonstrate the feasibility of, new 
environm ental analytical techniques for these chemical groups leading to a more 
"environmentally friendly" and efficiently designed monitoring program. This literature 
review was performed to provide an overview of the environmental, toxicological and 
analytical perspectives that led to the selection of these chemicals for investigation and to 
better understand the significance of these compounds and the need for such an 
undertaking.
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3.0 PRELIMINARY METHOD DEVELOPMENT
3.1 Introduction
Matrix Solid Phase Dispersion (MSPD) was originally developed for the isolation of 
drugs and/or chemical residues in animal-derived food products. The utilization of 
MSPD techniques for residue studies precludes the complications normally associated 
with the traditional methods employed for the isolation of specific compounds present 
in complex biological matrices. Ideally, a procedure should be simple, efficient in 
terms o f time and labor, and limit the use of expendable materials such as solvents. 
M oreover, the procedure should provide extracts which contain the analyte(s) of 
interest, have high recovery and be relatively free of the interferants that are typically 
coextracted. Further, certain criteria should be met for the detection o f analytes in 
samples. In matters concerning trade, dispute, or in regulatory control, chemical 
analyses must not be ambiguous (De Ruig 1989). The MSPD isolation method, when 
coupled with the appropriate analytical finish, appears to meet these criteria.
A simplified sample extraction technique, for the isolation of xenobiotics and possibly 
their metabolites, would provide a powerful investigative tool when coupled with the 
sophisticated analytical instrumentation that is presently available. Areas o f research 
that would benefit from such developm ents include, but are not lim ited to, 
toxicological research, including studies on bioavailability, bioaccum ulation, and 
biotransformation; pharmacological and physiological research; and environmental 
assessm ent and biomonitoring programs. Compounds and classes of compounds 
examined in this study (PAHs, chlorinated pesticides, PCBs) were selected based on 
the toxicological findings underscored by the literature review (see Chapters One and 
Two). The compounds considered for study have had a significant toxicological and 
environmental impact because of their persistence or prevalence in the environment
74
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and their continuing need to be analyzed and monitored in biological tissues. The 
following describes efforts to develop methods utilizing matrix solid phase dispersion 
techniques and represents the evaluation of attempts to demonstrate the feasibility of 
this approach.
Thus, this chapter describes some o f the prelim inary investigations that were 
conducted to determ ine the applicability o f the M SPD m ethodology for the 
determination of environmentally significant compounds in biological matrices and to 
identify the parameters that would be used for subsequent MSPD experiments.
3.2 The selection of compounds for this research
A series of preliminary experiments were conducted to determine the applicability of 
the MSPD technique for the analysis of PAHs and chlorinated pesticides, including 
PCBs present in biological matrices. The specific compounds and, in some cases, 
their metabolites are represented in Table 3.1
3.3 Biological matrices selected for this research
Based on initial drug residue method development utilizing MSPD (cited in Chapter 
Two), the following biological matrices were utilized to test the isolation capabilities 
o f m atrix solid phase dispersion techniques for environm entally  significant 
compounds:
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• catfish blood
• bovine milk (Bos taunts).
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3.4 Method development: Preparation of Cis for Matrix Solid
Phase Dispersion
The octadecylsilyl derivatized silica (Cis) used for MSPD extraction was 40 microns 
average diameter, an end capped 18% carbon load and 60A pore size. The material 
was obtained from A nalytichem  International (Harbor City, CA.) in kilogram  
quantities. The C js was prepared by washing with a series of analytical grade organic 
solvents o f increasing polarity : hexane < dich lorom ethane < m ethanol.
Approximately two 50 ml volumes o f each solvent were used to wash the bulk Cis- 
Figure 3.1 depicts the preparation o f bulk C is- A 50 ml syringe was filled 
(approximately 75% of volume) with Q s  and was sandwiched between two Whatman 
#1 filter disks (1.5 cm). Washing the Ci g with solvents was accomplished by fitting 
the syringe into a stopper that was fixed in a glass vacuum flask and connected to a 
vacuum line. After each solvent wash, the Q s  was vacuum aspirated until dry.
3.5 General method of extraction
The preparation of sample extracts using MSPD, with occasional modifications, was 
found to be basically the same, regardless of the compound investigated or matrix 
sampled. The elution of the analytes from the M SPD-tissue mix, however, was 
dependent on the nature of the analyte, the matrix involved, and the elution solvcnt(s) 
utilized. The steps involved in extracting analytes from a biological matrix can be 
divided into two basic parts: preparation of the MSPD column or Cis-tissue blend and 
the extraction of analytes from the MSPD column.
The steps to perform a MSPD extraction on a biological matrix can be described in the 
six steps listed below:
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Methanol
Sequence of solvents used to 
prepare bulk C 18. Two 50 ml 
syringe volumes are used for 
each solvent wash in the sequence 











Figure 3.1 Preparation of bulk C )8 for use in matrix solid phase dispersion 
(MSPD) experiments.
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1. Two grams of Q s  (octadecylsilyl derivatized silica) are placed in a 
glass mortar.
2. The tissue sample (approximately 0.5 grams) is transferred onto the Cis.
3. The tissue and the C|g are gently blended with a glass pestle until a 
homogeneous mixture is observed (30 to 60 seconds).
4. The C)8-tissue blend is transferred into a syringe barrel and compressed 
to a volume of approximately 4.5 to 5.0 milliliters. The syringe barrel 
is fitted with filter disks at the bottom and the top of the Cig-tissue 
blend.
5. The C |g-tissue blend or mixture is extracted with solvent(s) that are 
selected for their polarity and ability to elute the analyte from the 
matrix.
6. The final eluate may be centrifuged, filtered and evaporated, if 
necessary, prior to submission to the analytical finish (high pressure 
liquid chromatography, gas chromatography, etc.)
Preparation o f the Cig-tissue blend column is illustrated in Figure 3.2 and the 
subsequent analyte elution is depicted in Figure 3.2a.
3.6 Preliminary experiments
Prelim inary experim entation was perform ed to determ ine the instrum entation 
param eters necessary to resolve the analytes o f interest. To dem onstrate the 
applicability of MSPD for the analysis of environmentally significant compounds in 
com plex biological matrices, prelim inary experimentation was also necessary to 
determine the solvents that would be used for the elution of the compounds of interest
















tissue - C10 blend
Figure 3.2 The extraction of residues from tissues using matrix solid phase 
dispersion (MSPD). (figure continued)







• Reduce volume or 
evaporate completely.
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Figure 3.2 The extraction of residues from tissues using matrix solid phase 
dispersion (MSPD).
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from the Cis-tissue blend column prior to the analytical finish. Listed below are some 
o f the preliminary method developments that were performed.
• Preliminary method development for the analysis of benzo[n]pyrene in 
catfish (Ictalurus punctatus) muscle using matrix solid phase dispersion 
techniques.
• Preliminary method development for the analysis of polynuclear aromatic 
hydrocarbons in catfish (Ictalurus punctatus) muscle.
• The optimization of HPLC parameters for the chromatographic resolution 
of benzo[«]pyrene and benzo[a]pyrene metabolites.
• Method development for the analysis of polychlorinated biphenyls in 
catfish (Ictalurus punctatus) muscle and in homogenized milk.
3.6.1 Benzo[a]pyrene: High pressure liquid chromatography
Analyses of extracted samples and BAP standards were conducted using a Hewlett- 
Packard HP 1090 HPLC system (HP 79994A Chemstation) equipped with a photo­
diode array detector and a Hewlett Packard program mable fluorescence detector 
plumbed in series. The photo-diode array detector was set at 263 nm and 297 nm with 
a bandwidth of 20 nm and 10 nm, respectively. The spectrum range was 210-500 nm 
with a reference spectrum of 550 nm and a bandwidth of 100 nm. The fluorescence 
detector was set at an excitation wavelength of 260 nm and an emission wavelength of 
420 nm. The solvent system was water-acetonitrile (85:15 v/v) at a flow-rate of 1.5 
ml/min. A reversed-phase octadecylsilyl (ODS) derivatized silica column (Vydac 201 
TP, 5[l, 4.6 mm I.D. x 15 cm, The Sep/a/ra/tions Group, Hesperia, CA, U.S.A.) 
maintained at 40 °C was utilized for all determinations.
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The BAP standard was obtained from Sigma Chemical Company (St. Louis, MO; Lot 
#57F-3434) and was specified as 98% pure. The internal standard, d i2 -chrysene, was 
obtained from the EPA Quality Assurance Materials Bank in a solution of methylene 
chloride (1000 |ig/ml).
Peak areas were used to establish standard curves for benzo[n]pyrene by plotting the 
integration areas o f the generated peaks. Benzo[n]pyrene was identified by retention 
time and verified by obtaining a UV-visible spectrum of the peak during the initial 
chromatographic analyses (Figures 3.3 and 3.4). Quantities were determined by using 
internal standard (d]2 -chrysene) and external standard calculations. Standard curves 
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Figure 3.3 Ultra-violet spectrum of benzo[n]pyrene obtained during an analysis o f a 
standard by high pressure liquid chromatography using a diode array detector.









Figure 3.4 Representative high pressure liquid chromatograms obtained 
from the ultra-violet and fluorescence detector analysis of the acetonitrile 
extract (10 pi injection volume) of benzo[n]pyrene fortified catfish (Icatlums 
punctatus) muscle tissue.
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3.6.2 Benzo[fl]pyrene: Determination of solvents used for its elution from 
MSPD tissue blend columns
The selection o f the solvent or solvent mixtures that would be used in method 
development of benzofnjpyrene and possibly other PAHs and their metabolites were 
determined with preliminary experimentation. Solvents and solvent combinations of 
varying polarity were used to elute BAP from a M SPD column. Four different 
solvents were tested for the ability to efficiently elute BAP from the MSPD column. 
These solvents were hexane, methylene chloride, methanol, and acetonitrile. In 
addition, a 1:1 mixture of hexane and methylene chloride was also tested.
For each experiment or solvent test, approximately 0.5 grams of catfish muscle were 
spiked with a solution of BAP ranging from 200 to 1000 nanograms. The fortified 
muscle tissue was mixed with two grams of C igand subsequently transferred to a 10 
ml syringe and fashioned into a column as described previously in Section 3.5. This 
procedure was used to test the elution efficiency o f hexane, m ethylene chloride, 
hexaneimethylene chloride mixture (1:1), and acetonitrile. The column with which 
hexane was tested, was also sequentially extracted with methylene chloride, and 
finally methanol. Each eluate was evaporated in a warm water bath (40°C) with a dry 
nitrogen stream and analyzed by HPLC separately. Figure 3.5 illustrates the various 
solvent schemes investigated for the extraction of BAP from catfish muscle following 
the preparation o f a MSPD tissue blend column. The percent recovery of BAP was 
calculated for each solvent and is also depicted in Figure 3.5 and Table 3.2. 
Comparing the results from each of the experiments, acetonitrile was chosen as the 
solvent of choice for subsequent MSPD experiments.
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Figure 3.5 Various solvent schemes for the extraction of BAP from catfish 
(Ictalurus punctatus) muscle.
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Hexane:Methylene Chloride (1:1) 82%
Experiment D 
Acetonitrile 100%
3.7 PAH: Preliminary method development for the analysis of
polynuclear aromatic hydrocarbons in catfish ([Ictalurus punctatus) 
using MSPD techniques
Since it appeared that MSPD techniques could successfully result in the extraction of 
BAP from catfish muscle tissue using acetonitrile, possible applications for additional 
polynuclear aromatic hydrocarbons were also investigated, The PAHs listed by the
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U SE PA  as "target" com pounds w ere used in this p re lim inary  experim en t. T ab le  3.3 
lists the specific polynuclear arom atic hydrocarbon m ixture that w as used.
























O ne (1 .0 ) ji.1 o f  the S upelco  PA H  m ix ture w as in jected  in to  0 .5  g ram s o f  ca tfish  
m u sc le  tissu e  w ith  a m ic ro lite r sy ringe. E x trac tio n  w as p e rfo rm ed  by  add ing  
approxim ately  tw o gram s o f C jg and m ixing the contents w ith a  m ortar and pestle until 
a uniform  blend w as obtained. T he Ci8 tissue blend w as quan tita tively  transferred  to a 
10 m l sy ringe barrel as described  earlier and subsequen tly  ex trac ted  w ith  8.0 ml o f 
acetonitrile . T he eluate w as evaporated  in a m ildly heated w ate r bath  w ith a nitrogen
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stream, reconstituted with 1.0 ml of acetonitrile, and subsequently transferred to a 
HPLC vial for chromatographic analysis.
The parameters for the HPLC analysis were different from those used for the BAP 
experiments in order to resolve the majority of the PAHs that were being analyzed. 
Analyses of extracted samples and PAH standards were conducted using a Hewlett 
Packard (HP) 1090 HPLC system (HP 79994A Chemstation) equipped with a photo­
diode array detector and a HP programmable fluorescence detector plumbed in series. 
The photo-diode array detector was set at 254 nm with a bandwidth o f 20 nm. The 
spectrum  range was 210-500 nm with a reference spectrum  o f 550 nm and a 
bandwidth of 100 nm. The fluorescence detector was set at an excitation wavelength 
o f 260 nm and an emission wavelength of 420 nm. The solvent system was water- 
acetonitrile at a flow rate o f  2.0 ml/min. The solvent system  was gradient 
programmed to separate the compounds of interest and is illustrated graphically in 
Figure 3.6. The watenacetonitrile was set for a 65:35 ratio for the first two minutes of 
analysis and then changed to 100 percent acetonitrile (in a linear fashion) within 14 
minutes from the initiation of the program. A reversed-phase octadecylsilyl (ODS) 
derivatized silica column (Vydac 201 TP, 5|i, 4.6 mm I.D. x 15 cm, The Sep/a/ra/tions 
G roup, H esperia, CA, U .S.A .), m aintained at 40 °C, was utilized for these 
determinations.
A comparable amount of PAH standard mixture that was used to fortify the catfish 
muscle for this preliminary experiment was also analyzed as a standard in order to 
com pare the relative efficiency of the MSPD technique. In other words, the 
concentration of PAHs in the standard was the same as the theoretical concentration of 
the extract (assuming 100 percent recovery). The HPLC chromatogram s for the






Figure 3.6 High pressure liquid solvent gradient program for the polynuclear aromatic 
hydrocarbon mixture separation.
extract and the standard PAH m ixture are dem onstrated in Figure 3.7. The 
fluorescence detector was used to demonstrate the response o f the PAHs from the 
extract and the standard by adding up the peak areas of each chromatogram  and 
comparing the standard with the extract. The results indicate an average recovery of 
62.75 ± 13.73 percent for the peaks that were quantitated. A summary o f each 
chromatographic peak quantitated is listed in Table 3.4. Some o f the peaks represent 
the coelution of multiple PAH compounds and are identified by the elution order only.
Prelim inary results suggests that MSPD techniques may be applicable to other 
polynuclear aromatic hydrocarbons beside benzo[n]pyrene. Obviously, additional
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Catfish muscle spiked with 
PAH standard mix 
(normalized chromatogram)




Figure 3.7 High pressure liquid chromatograms of standard polynuclear 
aromatic hydrocarbon mix and fortified catfish (Ictahm is pimctcitiis) muscle 
extract.
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data would be necessary to determine its feasibility including refinements in the HPLC 
program to resolve all of the PAHs in the mixture.
3.8 Benzo[a]pyrene: The optimization of high pressure liquid
chromatographic parameters for the chromatographic resolution of 
ring-oxidized metabolites of benzo[a]pyrene
Since benzo[a]pyrene was being used as a model to study the applicability of MSPD 
for the analysis o f polynuclear aromatic hydrocarbons in biological m atrices, 
questions regarding the detection and resolution o f BAP m etabolites seemed 
inevitable. However, extraction methodology was beyond the scope of the present 
study and was not investigated here. Therefore, various solvent programs that would 
be employed for the HPLC analyses of BAP and BAP metabolites were investigated 
in an effort to optimize their separation from one another. Four significant metabolites
Table 3.4 Preliminary MSPD recovery results from PAH mixture fortified in catfish 
muscle.
Peak Number Standard Area Extract Area Percent Recovery
1 21.01 18.51 88.10
2 5.69 2.90 50.97
3 7.64 3.62 47.38
4 14.72 8.22 55.84
5 8.00 4.25 53.13
6 29.73 18.31 61.59
7 46.37 28.92 62.37
8 48.01 30.50 63.53
9 5.73 3.38 58.99
10 12.74 10.91 85.64
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(ring-oxidized) that have been used to characterize mixed function oxidase systems 
were the focus of these chromatographic efforts. These compounds included:
• benzo[«]pyrene-7,8-dihydrodiol (7,8-Diol)
• benzo[fl]pyrene-9,10-dihydrodiol (9,10-Diol)
• 3-hydroxy-benzo[a]pyrene (3-OH BAP)
• 9-hydroxy-benzo[n]pyrene (9-OH BAP)
The goal of this preliminary investigation was to determ ine the optimum  HPLC 
solvent conditions that would result in the complete resolution of the BAP metabolites 
that were selected and still maintain a relatively short analysis or run time. The same 
equipment and HPLC column were used as in the previous preliminary investigations 
as described above. Various combinations o f water and acetonitrile were used to 
achieve resolution o f the BAP and the four ring-oxidized metabolites. Two of the 
programs were isocratic while a third utilized the gradient program described earlier 
and used for the preliminary MSPD analysis o f the PAH mixture. The three solvent 
programs investigated are described in Table 3.5 below. In addition, all three 
programs and their effect on the resolution of these compounds are illustrated in 
Figures 3.8, 3.9, and 3.10.
Table 3.5 Solvent programs used to separate BAP and four BAP ring-oxidized 
metabolites.




1 25% 75% 1.5 6
2 30% 70% 1.5 19
3 65% for 2 min 
0% at 14 min
35% for 2 min 
100% at 14 min
2.0 14

















Figure 3.8 Solvent program 1: The effect of solvent programming on the 
resolution and analysis time of benzo[«]pyrene and four ring-oxidized 
metabolites.






















Figure 3.9 Solvent Program 2: The effect of solvent programming on the 
resolution andanalysis time of benzo[tf]pyrene and some of its metabolites.
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Flow: 2.0 ml/min
Gradient program
Water: 65% for 2 min, 0% at 14 min 








Figure 3.10 Solvent program 3: The effect of solvent programming on the 
resolution and analysis time of benzo[a]pyrene and four ring-oxidized 
metabolites.
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It was apparent from reviewing the HPLC chromatograms for each solvent program, 
that the gradient solvent program (solvent program 3) provided the best resolution for 
BAP and the four oxidative metabolites. Although the run time (Figure 3.10) was not 
as short as the initial chromatogram (Figure 3.8), it provided the best resolution o f the 
three programs investigated and still maintained an acceptable analysis time (14 
minutes).
3.9 PCBs: Preliminary method development of polychlorinated
biphenyls in catfish {Ictalurus punctatus) and in homogenized milk 
using MSPD techniques
One of the last preliminary experiments involving M SPD as a sample preparation 
technique for the analysis o f environm ental contam inants in biological samples 
examined the determination o f polychlorinated biphenyls in two different matrices: 
milk and fish tissue.
The milk used for these experim ents was homogenized and obtained from the 
Louisiana State University (LSU) Dairy Store, Baton Rouge, LA. Catfish (Ictalurus 
punctatus) muscle used for these experiments was obtained from drug-free catfish 
raised at the LSU School of Veterinary Medicine, Baton Rouge, LA. The specimens 
were female and weighed approximately 250 grams.
The standard stock PCB (Aroclor 1254) solutions, 100 ng/jxl, was prepared by 
transferring 0.2 ml of the EPA standard solution (5000 (ig/ml) into a 10 ml volumetric 
flask and fdled to volume with hexane. The stock solution of Aroclor 1254 was stored 
in 1.0 ml glass vials at 4° C until used. The working standard solution of Aroclor 
1254 (10 ng/p.1) was prepared for daily use by diluting 1.0 ml of the Aroclor 1254 
standard stock solution into a 10 ml volumetric flask and filling to volume with
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hexane. The information associated with the EPA Aroclor 1254 standard is listed 
below:
The EPA Quality Assurance Materials Bank
PCB-1254
CAS: 11097-69-1
CONC: 5000 ±  500 (Xg/ml
PUR: QAT 135-01-05
2 TRIANGLE DRIVE, R.T.P., NC, 27709.
A Varian M odel 3700 gas chromatograph equipped with a m ixed phase packed 
column (3% SP 2100, Supelco, 6 feet X 0.25 in. ID) was used to analyze the PCB 
spiked milk. The conditions used for the analysis were set according to the USEPA 
Statement of Work (SOW 2/88) and run isothermally at 204° C. The injector was set 
at a temperature of 250° C. The detector was an electron capture detector which was 
operated at a temperature of 300° C. The carrier gas used was an ultra high purity 
argon/methane (5%/95%) mix.
A Varian Vista 6000 gas chromatograph equipped with a DB-5 column (J & W 
Scientific, 25 m X 0.25 mm id, 0.2 mm coating) was used to analyze the PCB spiked 
fish tissue. The column temperature program was as follows: 120° C for 2 minutes, 
increased at 10° per minute to 290° C and held for 5 minutes; the splitless injector was 
operated with a purge function activated at 0.75 minute post-injection. The detector 
was an electron capture detector which was operated at a temperature of 300° C and 
set at -0.24 mV at 32 attenuation and 10 range sensitivity. The carrier gas used was 
ultra high purity nitrogen at a linear flow rate of 14 cm/sec.
Sample aliquots of milk and catfish tissue, 0.5 ml and 0.5 grams, respectively, were 
spiked with 500 ng (1 ppm) o f Aroclor 1254. Each sample was mixed with 
approximately two grams of C l 8 and blended in a m ortar and pestle. The entire
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amount of the Cig-tissue blend for each was quantitatively transferred into 10 ml 
syringes in the manner described in previous preliminary experiments and prepared for 
elution.
Hexane (8 ml) was used to "wash" the MSPD column containing the spiked milk 
sample prior to elution to remove the lipids. Subsequently, the polychlorinated 
biphenyls (Aroclor 1254) were eluted with 8 ml acetonitrile into a 10 ml conical screw 
capped disposable glass centrifuge tube (Kimble, Vineland, NJ). A steady flow of 
acetonitrile through the column was initiated by applying positive pressure (pipette 
bulb) to the column head and collecting the acetonitrile in the centrifuge tube. A final 
extract volume o f 5 ml was obtained. The tube was tightly capped, and the tube 
contents were thoroughly vortexed. The acetonitrile extracts were subsequently 
evaporated to dryness under a mild stream of nitrogen in a water bath at 55 °C under a 
hood. The residue was reconstituted with 1.0 ml of hexane, vortexed, filtered (0.45 jj. 
disposable syringe filter) and transferred to a glass sample vial. Portions of the PCB 
fortified milk extract (3 (il) and the catfish muscle extract (1 pi) were directly 
analyzed by packed column and capillary column gas chromatographs, respectively, 
equipped with electron capture detectors.
Calculations for percent recovery were determined by summing the areas of prominent 
chromatographic peaks representing polychlorinated biphenyls for the MSPD extract 
against the concentration o f a PCB standard. The A roclor 1254 standard 
concentration used for the percent recovery determ inations was equal to the 
concentration of each respective extract, assuming 100% recovery. The calculations 
for the Aroclor spiked milk extract were performed by selecting six prominent peaks, 
which ranged in retention times from 5.66 minutes to 11.23 minutes, from the packed 
column analysis of the fortified milk extract and the PCB standard . The same method
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for determining percent recovery for the fortified catfish extract was used except that 
the chromatographic analyses were generated from a capillary column. From this 
analysis, 14 o f the most prominent capillary peaks, ranging in retention times from 
7.95 minutes to 17.55 minutes, were used for the percent recovery calculations.
The percent recovery for the PCB fortified whole milk following MSPD extraction 
was determined to be 81% for this preliminary experiment. The percent recovery for 
the PCB fortified catfish muscle following MSPD extraction was determined to be 
86% for this preliminary experiment. Representative chromatograms are presented in 
Figures 3.11 through 3.16.
3.10 Experimental design for subsequent method validation
The design for subsequent experiments described in the following chapters were based 
on the guidelines for approval of methods of analysis for residues found in "General 
Principles for Evaluating the Safety of Compounds Used in Food-Producing Animals" 
(FDA 1987). The applicability of the proposed methods were determined by:
• Specificity,
• Precision,
• System Error, and
• Collateral Criteria.
3.11.1 Specificity
Specificity is the ability o f the method to respond only to the substance being 
measured. The method must provide for identification o f the compound being 
measured. Analytical instruments such as infrared spectroscopy or GC/MS may be
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sufficiently specific in themselves. However, if the method is not specific enough,
then a confirmation or identification will be needed. If such is the case, then the
method will have two components: a determ inative procedure to quantify the 
compound and a confirmatory procedure to identify the compound. The method 
should also consider the possibility of other target compounds that might be found in 
the same matrix of the species of interest and demonstrate that they will not interfere 
with the target analyte of the proposed method.
3.11.2 Precision
Precision measures the variability of repetitive m easurem ents. Contributions of 
variability from numerous sources affect precision, but the m ajor com ponents are 
those that are derived from  analyses perform ed in d iffe ren t laboratories 
(reproducibility) and those from within an individual laboratory (repeatability). 
Although, precision is usually expressed as a standard deviation, a better term is 
relative standard deviation (or coefficient of variation) because it remains relatively 
constant over a considerable concentration range.
3.11.3 Systemic error
The systemic error or bias is expressed as the percent recovery o f the added analyte, 
realizing, in the case of residue analysis, the analyte that is added to a sample may not 
behave in the same manner as the same analyte that has been biologically incurred. If 
acceptable precision is obtained, an average recovery of 80 to 110% should be 
obtained when the analyte of interest is 0.1 ppm or greater.
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Figure 3.11 Gas chromatogram of MSPD extract of blank milk control for PCBs 
analyzed by a packed column chromatograph equipped with an electron capture 
detector.
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Figure 3.12 Gas chromatogram of MSPD extract of milk spiked with Aroclor 
1254 (PCB) analyzed by a packed column chromatograph equipped with an 
electron capture detector.
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Figure 3.13 Gas chromatograph of PCB standard (Aroclor 1254) analyzed by 
a packed column chromatograph equipped with an electron capture detector.
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Figure 3.14 Representative capillary column gas chromatogram obtained from 
the electron capture analysis of the acetonitrile extract of a catfish (Ictalurus 
punctatus) muscle blank control.
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Figure 3.15 Analysis of PCB standard (Aroclor 1254) by a capillary gas 
chromatograph using an electron capture detector.
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TIME (min)
Figure 3.16 MSPD analysis of catfish (Ictalurus punctatus) muscle tissue 
fortified with PCB (Aroclor 1254) and analyzed by a capillary gas chromatograph 
equipped with an electron capture detector.
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3.11.4 Collateral criteria requirements
Collateral criteria requirements are requirements o f the method as they pertain to its 
practicability (commercially available solvents, equipment, time for analysis, etc.). 
Satisfactory performance of the method is indicated by criteria such as:
• linear calibration (standard) curve,
• analytical recovery curve,
• effectiveness of extraction,
• the effect or non-effect o f potential interferences,
• adequate sensitivity (slope of calibration curve),
• resolution,
• low and constant blanks, and
• stability studies.
For the practical use of an assay, the analytical signal observed in the analyses of 
actual samples should be clearly resolved from any other signals present and should be 
readily distinguishable above the background signal and any other signals present. 
For instance, in a chromatographic analysis, the analyte peak should be at least ten 
times greater than the variability o f the background response.
3.11.5 Specific method data needed
Data should typically be collected from three types of samples:
1. "control" target tissue from untreated animals,
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2. "fortified" target tissue containing known concentrations o f the marker 
residue added to the sample o f control target tissue, and if possible,
3. "dosed" target tissue from animals o f the target species that have been 
treated or exposed to the compound being tested.
The baseline (background) response o f the method and its variability should be 
demonstrated. The method should satisfactorily recover the biologically incurred 
residue.
The type o f information that should be included in presenting a new method is 
described below.
• A complete description of the method should include: sampling, 
preparation o f analytical samples, storage conditions, reagents, 
instrumentation, standards, and identification of critical steps and stopping 
places,
• Quality control criteria that may be needed to verify and maintain good 
method performance,
• A typical standard curve prepared from the target analyte of known purity,
• A typical standard curve prepared by fortifying (spiking) control tissue 
with the analyte of concern and observing the resulting analytical 
responses,
• Data derived from control, fortified, and dosed tissue showing that the 
method meets the specificity, precision, and systematic error attributes, and
• Relevant worksheets, calculations, statistical analyses, chromatograms, 
etc., from the analyses of control, fortified, and dosed target tissue.
When using the proposed method, results of analyses from the following samples (at a 
minimum) were used:
• Five control tissues
• Five control tissues fortified at 0.5X the required level
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• Five control tissues fortifies at IX the required level
• Five control tissues fortified at 2X the required level, and if possible or 
applicable,
• Five dosed tissues containing biologically incurred total analyte or residue 
at approximately its permitted concentration.
The USEPA established the levels o f consum ption for polynuclear arom atic 
hydrocarbons (PAHs) for the maximum protection of human health from the potential 
carcinogenic effects due to exposure of PAH through the ingestion o f contaminated 
water and contam inated aquatic organisms. The levels which may result in an 
incremental increase of cancer risk over a lifetime are estimated in the table below.
Table 3.6 USEPA PAH concentrations associated  levels of cancer risks1.
Estimated Cancer Risk PAH Concentration
1x10'5 311 ppb
1X10-6 31.1 ppb
1x1 O'7 3.11 ppb
1 These risks are based on benzo[a]pyrene as the model PAH (USEPA; Ambient 
W ater Quality Criteria Document, p-C121, 1981).
The regulatory limits for PCB residues in food products set by the FDA are listed in 
Table 3.7.
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4.0 HIGH PRESSURE LIQUID CHROMATOGRAPHIC 
SEPARATION OF RING OXIDIZED METABOLITES OF 
BENZO[A]PYRENE
4.1 Introduction
As discussed earlier in this dissertation, polynuclear aromatic hydrocarbons are a 
m ajor class o f environm entally significant com pounds whose sources include 
petroleum, combustion products and creosote (Stegeman 1981; Politzer et al. 1985). 
Many o f these compounds and/or their metabolic products, have been demonstrated to 
produce mutagenic, carcinogenic and cytotoxic effects in many different tissues and 
species (Sims et al. 1974; Sims 1975; Levin et al. 1982). For the purposes of this 
dissertation, benzo[n]pyrene (BAP) was selected as a representative compound to 
develop MSPD applications for PAH analysis in catfish (Ictaluruspunctatus) tissues. 
To address the possibility that metabolic products may also be present in tissues and 
hence with the parent compound, the resolution of m ajor BAP m etabolites was 
examined by HPLC. Although many methods have been developed for the analysis of 
polynuclear aromatic hydrocarbons, including benzo(r/]pyrene, it was recognized that 
these assays were labor intensive, lacked sensitivity and/or specificity, did not 
adequately address metabolites, and/ or required too much time for the analytical 
finish (Thacker et al. 1977; Gelboin 1980; Jongeneelen et al. 1985; Wong et al. 1986; 
Sagami et al. 1987; Varanasi et al. 1987; Cavalieri et al. 1988).
The metabolism o f benzo[n]pyrene generates a number of ring-oxidized metabolites 
including phenols, dihydrodiols and quinones (Gelboin 1980; Levin et al. 1982; 
Sagami et al. 1987; Varanasi et al. 1987; Cavalieri et al. 1988). The metabolites of 
BAP that were addressed in this chapter include benzo[n]pyrene-7,8-diol (7,8-Diol), 
benzo[«]pyrene-9,10-diol (9,10-Diol), 3-hydroxy-benzo[fl]pyrene (3-OH BAP), and 9- 
hydroxy-benzo[n]pyrene (9-OH BAP). There structures are depicted in Figure 4.1.
11 2
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
113
These metabolites were selected based on pathways of BAP metabolism identified in 
research species (Gelboin 1980; Levin et al. 1982; Grover 1986; Topp and van 
Bladeren 1986; Wong et al. 1986; Sagami et al. 1987; Varanasi et al. 1987; Winston 
eta l. 1991).
Investigations into the extraction methodology and sample preparation for the 
isolation o f BAP metabolites were not performed because it was beyond the scope of 
the present study. However, the chromatographic separation by HPLC o f BAP 
metabolites was developed in some of the preliminary efforts described in the previous 
chapter. A solvent program, optimized in Chapter Three for the purpose o f resolving 
the representative oxidative BAP metabolites utilized for this study, was examined 
further. The scope and the results of this investigation is presented below.
4.2 Materials and methods
4.2.1 Chemicals and expendable materials
All standard compounds and solvents were obtained at the highest purity available 
from commercial sources and were used without further purification. Benzo[o]pyrene 
was obtained from Sigma Chemical Company (St. Louis, Missouri). BAP metabolites 
purchased from the NCI Chemical Carcinogen Repository, Midwest Research Institute 
(Kansas City, Missouri) were benzo[fl]pyrene-trans-9,10-dihydrodiol (>99 % purity by 
HPLC), 9-hydroxybenzo[o]pyrene (>98% purity by HPLC), benzo[fl]pyrene-trans- 
7,8-dihydrodiol(-) (>99% purity HPLC), and 3-hydroxybenzo[«]pyrene (>98% purity 
by HPLC). W ater for HPLC analyses was triple-distilled and further treated with a






Figure 4,1 Chemical structures of benzo[«]pyrene and benzo[fl]pyrene 
metabolites studied.
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Modulab Polisher I water purification system (Continental W ater Systems Corp., San 
Antonio, TX). Any other solvents and/or chemicals used for these experiments were 
obtained from commercial suppliers whose products met or exceeded analytical grade 
standards.
4.2.2 HPLC analysis
Separation of BAP and the metabolites was achieved by high pressure liquid 
chromatography (HPLC) fitted with a reversed-phase column and operating under 
variable solvent conditions. The specific instrument used was a Hewlett Packard (HP) 
1090 HPLC system with ari HP 7994A Chemstation Detection. The detector that was 
employed was a HP 1050 programmable photodiode array detector (providing variable 
ultraviolet and visible wavelengths) and a HP 1046A program mable fluorescence 
detector that were plumbed in series and operated sim ultaneously. W avelengths 
programmed for the detection of BAP and the metabolites were based on information 
provided by the NCI Analytical Datasheets and from previous experimentation. The 
spectrum range for the photodiode array detector was 210 to 500 nm, but was operated 
at 254 nm with a bandwidth o f 20 nm and a reference wavelength of 550 nm with a 
bandwidth of 100 nm for this experiment. The fluorescence detector was programmed 
with an excitation wavelength of 260 nm and an emission wavelength of 420 nm. A 
reversed-phase octadecylsilyl (ODS) derivatized silica column (VYDAC 201 TP, 5)0., 
4.6 mm I.D. x 15 cm, The Sep/a/ra/tions Group, Hesperia, CA, U.S.A.), maintained at 
40 °C, was utilized for these analyses. In addition, the column was fitted with a HPLC 
guard column (Alltech, Deerfield, IL) filled with C is  to lengthen the HPLC column 
integrity and operating life by protecting it from insoluble sample contaminants or 
soluble components that may absorb strongly to the packing material.
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The solvent system that was used was water and acetonitrile, pumped at a rate of 2.0 
ml/min and maintained at a ratio of 65:35 (watenacetonitrile, v/v) for the first two 
minutes and then gradient programmed to a ratio of 0:100, in a linear fashion for 14 
minutes. Temperature for the solvents and the column were maintained at 40 °C 
throughout all the determinations.
Peak areas were used to establish standard curves forbenzo[a]pyrene (BAP) and each 
o f the four BAP metabolites by plotting the integration areas of the generated peaks. 
BAP and BAP metabolites were identified by retention time from the UV diode array 
detector and the fluorescence detector, respectively. Standard curves were established 
by using four different concentrations, prepared in acetonitrile, for each of the 
compounds being analyzed. The standards were injected directly on the head of the 
HPLC column (guard column) via an autosampler and automatic injector at a volume 
of 10 pi. The concentrations used to generate the standard curves for each compound 
are listed in Table 4.1.
Table 4.1 Concentrations (ng/pl) used to establish the standard curves for BAP and 
four BAP metabolites.
BAP 7,8-Dio! 9,10-Diol 3-OH BAP 9-OH BAP
20.0 0.25 1.95 1.99 0.73
40.0 0.50 3.90 3.99 1.46
60.0 0.75 5.85 5.98 2.19
80.0 1.00 7.80 7.93 2.92
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4.3 Results
A representative chromatogram of BAP and BAP metabolite standards is shown in 
Figure 4.2. Figures 4 .3 ,4 .4 , 4.5, 4.6, and 4.7 illustrates representative standard curves 
for benzo[fl]pyrene, benzo[n]pyrene-7,8-diol, benzo[fl]pyrene-9,10-diol, 3-hydroxy- 
benzo|>]pyrene, and 9-hydroxy-benzo[«]pyrene, respectively. The respective 
correlation coefficients for each standard curve are listed in Table 4.2.
4.4 Discussion
There have been numerous methods utilizing high pressure liquid chromatography 
developed for the analysis of polynuclear aromatic hydrocarbons and their metabolic 
products. Dihydrodiols of polycyclic aromatic hydrocarbons have been separated by 
normal phase liquid chromatography following O-methyl ether derivatization (Yang et 
al. 1989). Reverse phase high pressure liquid chromatographic separation techniques 
have also been reported (Jongeneelen et al. 1987; MacCrehan et al. 1988; Bumpas 
1989; Deshpande 1989; Eaton and Stapleton 1989; von Tungeln and Fu 1989). Most 
o f these methods did not specifically address all of the compounds that were of 
interest in our studies, especially the m etabolites, nor did they meet the needs 
anticipated for future investigations. Some of the methods lacked sensitivity and/or
specificity or required too much time for the chromatographic run. Some of the
methods presented in the literature required a time period o f 60 minutes or more to 
achieve some metabolite separation (Thacker et al. 1977; Wong et al. 1986; Cavalieri 
et al. 1988; Wroblewski et al. 1988; Winston et al. 1991). Some o f these methods 
were too complicated, involving multiple columns or gradient elution schemes.
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Flow: 2.0 ml/min 
Gradient program
Water: 65% for 2 min, 0% at 14 min 





















Figure 4.2 Standard chromatogram of benzo[«]pyrene and benzo[fl]pyrcnc 
metabolites.
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Figure 4.4 Standard curve for benzo[r/]pyrene-9,10-dioI.
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Figure 4.5 Standard curve for benzo[a]pyrene-7,8-diol.
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Figure 4.6 Standard curve for 9-hydroxy-benzo[«]pyrene.
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Figure 4.7 Standard curve for 3-hydroxy-benzo[«]pyrene.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
124








The HPLC separation developed here seems to overcome some o f the limitations 
observed in earlier work, A typical chromatogram of BAP and the BAP ring-oxidized 
metabolites examined in our studies and shown in Figure 4.2 demonstrates adequate 
separation in a relatively short period of time (15 minutes). The use of a fluorescence 
detector in tandem with an ultra-violet/visible (UV-Vis) diode array detector allows 
for the detection of relatively small quantities of metabolites (limits o f quantitation 
were approximately 2.5 to 20 ng total on column) and also provide a degree of 
confirmation for the identification of metabolites and parent compound at higher 
concentrations. The dual detector arrangement (variable UV-Vis and fluorometric 
detectors) also allows linearity to be maintained at higher concentrations without 
having to change any method parameters or having to dilute and re-analyze samples.
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5 .0  M A T R IX  SO L ID  PH A SE  D ISPE R SIO N  (M SPD )
E X T R A C T IO N  AND H IG H  PR E SSU R E  L IQ U ID  
C H R O M A T O G R A P H IC  AN A LY SIS O F  B E N Z O [A ]PY R E N E  IN  
C A T F IS H  (IC T A L U R U S  P U N C T A T U S )  T IS S U E
5 .1  In tro d u c tio n
Following the preliminary method development in Chapter Three for the analysis of 
benzo[«]pyrene (BAP) in catfish (Ictalums punctatus) muscle, further examination using 
MSPD as an analytical method was deemed to be warranted. As a result, investigations 
described herein focus on the development of methodology for the analysis of BAP in 
catfish muscle and possibly some of its other tissues. To this end, a series o f fortified 
catfish muscle tissue samples were used to test the applicability of MSPD extraction 
techniques for the high pressure liquid chromatographic (HPLC) analysis o f BAP. In 
addition, preliminary investigations were also conducted on live catfish that were dosed 
with BAP and subsequently analyzed for evidence of measurable residues in different 
tissues using the MSPD technique developed here.
There has been a great deal of emphasis placed on the identification and quantification of 
compounds with potential adverse health effects in humans in the environment and in 
foods. Among the compounds that have received such attention are the polynuclear 
arom atic hydrocarbons. Polynuclear aromatic hydrocarbons (PAHs) and their 
interaction with aquatic species have been the subject of a number of studies (Stegeman 
and Teal 1973; Sims et al. 1974; Fossato and Canzonier 1976; Varanasi et al. 1978; 
Sexton 1980; Stegeman 1981; Politzer et al. 1985; National Academy of Sciences 
Report 1991). They are considered to be a major class of environmentally significant 
compounds whose sources include petroleum, creosote, combustion products and 
petroleum spills (Stegeman 1981; Politzer et al. 1985). Many o f the compounds that 
comprise this class are known to be carcinogens and produce mutagenic and cytotoxic
125
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effects in many different tissues and species (Sims et al. 1974; Sexton 1980). Many 
species in the aquatic habitat, such as fish, are known to accumulate PAHs from the 
environment and store them or their metabolic products in tissues in relatively high 
concentrations (Stegeman and Teal 1973; Varanasi et al. 1978; Tan and Melius 1986). 
Further, harmful effects in fish have been observed and believed to be mediated by the 
hepatic microsomal mixed function oxygenase (MFO) enzyme system (Stegeman 1981; 
Tan and Melius 1986; Varanasi etal. 1987).
The reliable identification and quantitation of toxicants such as BAP are essential for the 
evaluation o f toxicological data. The successful analysis of environmentally significant 
constituents in biological matrices involve representative sample collection, sample 
preparation and extraction, sample cleanup and analytical finish. Over the past two 
decades, the most significant advances in chemical analyses have been made in the 
instrumentation utilized in the analytical finish. The detection and computing abilities of 
the analytical instrum ents routinely used today allow investigators to measure 
compounds present at levels in the parts per billion range or lower. Toxicants measured 
at these levels usually require a sample concentration step prior to the analytical finish. 
This is easily accomplished when the matrix being analyzed is soil or water. However, 
the complexity of biological matrices such as fish tissue typically exclude the option of 
solvent extract concentration. MSPD techniques, on the other hand, appear to offer a 
viable alternative for the determination of chemical residues such as BAP in fish tissue.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
127
5 .2  Materials and methods
5 . 2 . 1  Chemicals and expendable materials
Solvents were obtained from commercial sources and were HPLC grade and were used 
without further purification. W ater for HPLC analyses was triple-distilled water and 
further treated with a Modulab Polisher I water purification system (Continental W ater 
Systems Corp., San Antonio, TX). All standard compounds were obtained at the 
highest purity available from commercial sources and were used without further 
purification. Benzo[«]pyrene was obtained from the Sigma Chemical Company, (St. 
Louis, MO) and d i 2 -chrysene was supplied by the EPA Quality Assurance Materials 
Bank. The bulk Cjg packing used was octadecylsilyl derivatized silica, 40 micron, 18% 
load, end capped (obtained from Analytichem International, Harbor City, CA). The Cig 
was cleaned by sequentially washing a 50 ml column, containing bulk C js (22 g) with 2 
column volumes each of hexane, dichloromethane (DCM) and methanol by vacuum 
aspiration until dry. This procedure is described in greater detail and illustrated in 
Chapter Three.
Stock BAP and internal standard solutions were prepared to a concentration of 100 
jig/ml by dissolving pure standard in acetonitrile and diluting with acetonitrile to 
appropriate jig/ml level. D i2 -chrysene internal standard stock solution were originally 
obtained from the EPA at a concentration o f 1000 (ig/ml. The stock solutions were 
subsequently admixed and then serially diluted with acetonitrile to make 0.10, 0.25, 
0.50, 1.00 and 2.00 flg/ml BAP standard solutions containing 0.50 |ig/m l internal 
standard d i 2 -chrysene in each mixture. Any other solvents and/or chemicals used for 
this experiment were obtained from commercial suppliers whose products met or 
exceeded analytical grade standards.
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Plastic syringe barrels were used as extraction columns. Ten ml syringe barrels, 
(obtained from Becton Dickinson, Rutherford, NJ.) were thoroughly washed with hot 
soapy water, rinsed with double distilled water and air dried prior to use as columns for 
sample extraction. A filter paper disc or frit (Whatman No 1, 1.5 cm) was placed at the 
bottom of the syringe barrel to retain the column packing. Catfish (Ictalurus punctatus) 
muscle tissue was obtained locally from a commercial seafood supplier and frozen until 
used.
5 . 2 . 2  High pressure liquid chromatography
Analysis of extracted samples and BAP standards were conducted utilizing a Hewlett- 
Packard (HP) 1090 HPLC system and a HP 7994A Chemstation equipped with a HP 
1050 programmable photodiode array detector (providing variable ultraviolet and visible 
wavelengths) and a HP 1046A programmable fluorescence detector that were plumbed 
in series and operated simultaneously. The photodiode array detector was set at 254 nm 
with a bandwidth of 20 nm, spectrum range of 210-500 nm and a reference spectrum of 
550 nm with a bandwidth of 100 nm set for this experiment. The fluorescence detector 
was set at an excitation wavelength of 260 nm and an emission wavelength o f 420 nm. 
A reversed-phase octadecylsilyl (ODS) derivatized silica column (VYDAC 201 TP, 5p, 
4.6 mm I.D. x 15 cm, The Sep/a/ra/tions Group, Hesperia, CA, U.S.A.), maintained at 
40 °C, was utilized for these analyses. In addition, the column was fitted with a HPLC 
guard column (Alltech, Deerfield, IL) filled with C js to lengthen the HPLC column 
integrity and operating life by protecting it from insoluble sample contaminants or 
soluble components that may absorb strongly to the packing material. The solvent 
system that was used was water and acetonitrile, pumped at a rate o f 1.5 ml/min. for at 
least six minutes and m aintained at a ratio of 25:75 (w atenacetonitrile, v/v).
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Temperature for the solvents and the column were maintained at 40 °C throughout all 
the determinations.
5 . 2 . 3  Preparation of sample extracts
Two g Ci8 were placed in a glass mortar and 0.5 g of fish muscle was placed onto the 
C is- Standard BAP mixtures (5pl, 0.10, 0.25, 0.50, 1.00 and 2.00 |ig/m l BAP 
standard solutions containing 0.50 pg/m l internal standard d i 2 -chrysene in each 
mixture) were injected into the tissues and the fortified samples were allowed to stand 
for at least 5 minutes. This fortification level resulted in a final concentration in the 
tissue o f 0.20, 0.50, 1.00, 2.00 and 4.00 pg o f BAP and 1.0 pg o f internal standard 
d i 2 -chrysene per gram of tissue. Blank control tissues were prepared similarly, except 
5 pi of acetonitrile containing no BAP was injected into the tissue. The tissues were 
then gently blended into the C is  material with a glass pestle until a homogeneous 
mixture was observed (approximately 30 seconds).
The resultant homogeneous Cis/tissue matrix was transferred into a previously prepared 
10 ml syringe barrel that contained a filter disk. Two additional filter paper discs were 
placed on the column head and the column was compressed to approximately 4.5 ml 
with a syringe plunger that had the rubber end and pointed plastic portion removed. A 
plastic pipette tip (100 pi) was placed on the column outlet to increase the residence time 
of the eluting solvents on the column.
BAP and internal standard d i2 -chrysene were eluted with 8 ml acetonitrile into a 10 ml 
conical screw thread disposable glass centrifuge tube (Kimble, Vineland, NJ). A steady 
flow of acetonitrile through the column was initiated by applying positive pressure 
(pipette bulb) to the column head and collecting the acetonitrile in the centrifuge tube. A 
final extract volume o f 5 ml was obtained. The tube was tightly capped, and the tube
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contents were thoroughly vortexed. The acetonitrile extracts were subsequently 
evaporated to dryness under a mild stream of nitrogen in a water bath at 55 °C. The 
residue was reconstituted with 1.0 ml o f acetonitrile, vortexed, filtered (0.45 p  
disposable syringe filter) and transferred to a glass HPLC sample vial. A portion of the 
extract (10 pi) was then analyzed by a high pressure liquid chromatograph by injecting it 
directly on the column head (guard column) via an autosampler and automatic injector.
The method was also tested with a live catfish that was dosed with an intraperitoneal 
injection of BAP (4.0 mg). The fish (276 g) was allowed to remain in an aquarium 
(18°C) until it was sacrificed 24 hours later. Samples of the liver and muscle were 
subjected to the sample preparation and subsequent HPLC analysis as described above. 
However, the bile was analyzed with different HPLC parameters (listed in Figure 5.6) 
in an attempt to resolve suspected BAP metabolite.
5 . 2 . 4  Data analysis
Peak area ratio curves of standards and samples were obtained by plotting integration 
areas of generated peaks as a ratio to the area of the internal standard. A comparison of 
fortified sample peak area ratios to peak areas of pure standards run under identical 
conditions gave percentage recoveries (n = 30; 30 samples, 5 replicates o f each 
concentration). Figure 5.1 shows a typical standard curve for benzo[«]pyrene. The 
interassay variability was calculated as follows. The mean o f the peak area ratios for 
five replicates o f each concentration (0.10, 0.25, 0.50, 1.00 and 2.00 ng/pl, 10 pi 
injection volume) was calculated. The standard deviation corresponding to each mean
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Figure 5.1 Representative standard curve for benzo[a]pyrene.
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was divided by its respective mean and this resulted in the coefficient o f variation for 
each concentration. The mean of the coefficients of variation was calculated along with
\
its standard deviation and was defined as the interassay variability, plus or minus the 
standard deviation
5 .3  Results
In this study, the MSPD method for the isolation of BAP from catfish muscle tissue was 
chosen because it overcomes many of the obstacles associated with the extraction 
methods that have been used in the past. In the MSPD procedure, the fish muscle tissue 
sample (0.5 g) was used to make a C is/tissue matrix blend and fashioned into a column 
from which the BAP was eluted with acetonitrile. This resulted in an extract that had 
minimal interferences, as dem onstrated in the HPLC chromatogram s o f the blank 
control (Figure 5.2) and acetonitrile extracted BAP fortified (Figure 5.3) tissue. The 
average relative percentage recoveries (73.52±11.03% to 112.30±12.85%) and inter­
assay variability percent (9.07 ± 4.85%) were indicative of a suitable method for the 
determination of BAP in fish muscle tissue (Table 5.1). Linear regression analyses and 
a corresponding correlation coefficient of 0.9992 indicated the extraction technique was 
linear with respect to increasing concentrations of BAP. A table summarizing all o f the 
analytical results from the fortified catfish muscle is presented in Table 5.2.
These results are based on fortified samples, such as would be required and obtained for 
the preparation of standard curves or for conducting recovery studies for the qualitative 
analysis o f BAP residues in biological samples. Results were also obtained from the 
live catfish that was dosed with BAP via an intraperitoneal injection and 24 hour 
residence period. Chromatograms of the liver and muscle tissue and bile are illustrated




















Figure 5.2 Representative high pressure liquid chromatograms obtained from 
the ultra-violet and fluorescence detector analyses (10 pi injection volume) of the 
acetonitrile extract of blank (control) catfish (ictcilums punctatus) muscle.









Figure 5.3 Representative high pressure liquid chromatograms obtained from 
the ultra-violet and fluorescence detector analyses (10 pi injection volume) of 
the acetonitrile extract of benzo[«]pyrene fortified catfish (Ictalunis punctatus) 
muscle.
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Table 5.1 Percent recoveries, average percent recovery (Avg % Rec), and inter-assay 
variability (IRV) percentages for benzo[ajpyrene isolated from fortified (concentration 0.20, 
0.50,1.00,2.00 and 4.00 pg/g) catfish (Ictalurus punctatus) muscle tissue, r = correlation 
coefficient from linear regression analysis.
Benzo(a)pyrene Spike Concentration 
(ng/g tissue)
Percentage (%) Recovery 







Average recovery ±  SD 100.17 ±8.75
Standard Curve Correlation Coefficient (r) 0.999
Inter-Assay Variability % 9.07 ±4.85
in Figures 5.4, 5.5, and 5.6, respectively. It is apparent that the method allowed the 
detection of BAP and/or BAP metabolites in each of the tissues examined.

















Table 5.2 Chromatographic data from benzo[a]pyrene analysis in fortified catfish (Ictalurus punctatus).
Sample Sample BAP | BAP Concentration | BAP Peak BAP Retention D12-Chrysene D12-Chrysene D12-Chrysene
Number Weight Fortification Percent Area Time(min) Surrogate Peak Area Retention Time
(grams) Level (ng) ng/ul Recovery PPM  Amount (ng)___________________________ (min)
OA 0.48 0 NA NA NA NA NA 500 59.11 2.82
OB 0.56 0 NA NA NA NA NA 500 51.93 2.81
OC 0.49 0 NA NA NA NA NA 500 56.31 2.82
OD 0.51 0 NA NA NA NA NA 500 54.25 2.82
OE 0.55 0 NA NA NA NA NA 500 52.33 2.82
N 5 5 5 5 NA NA 5 5
Mean 0.52 NA NA NA NA NA 54.78 2.82
Std. Dev. % 0.03 NA NA NA NA NA 2.66 0.00
NA = not applicable
1A 0.50 100 0.07 69.43 0.14 52.41 4.62 500 51.41 2.82
IB 0.48 100 0.09 90.41 0.19 61.98 4.63 500 50.24 2.83
1C 0.46 100 0.07 68.72 0.15 54.37 4.62 500 53.43 2.82
1D 0.52 100 0.06 58.33 0.11 49.32 4.62 500 53.93 2.82
IE 0.49 100 0.08 80.74 0.16 54.05 4.62 500 47.54 2.83
N 5 5 5 5 5 5 5 5
Mean 0.49 0.07 73.52 0.15 54.43 4.62 51.31 2.82













































2A 0.51 250 0.25 99.20 0.49
2B 0.50 250 0.25 99.34 0.50
2C 0.54 250 0.23 93.52 0.43
2D 0.55 250 0.24 96.10 0.44
2E 0.53 250 0.27 106.30 0.50
N 5 5 5 5
Mean 0.53 0.25 98.89 0.47
Std. Dev. % 0.02 0.01 4.28 0.03
151.62 4.63 500 54.21 2.83
135.89 4.61 500 48.52 2.82
127.39 4.62 500 47.96 2.83
132.16 4.61 500 45.58 2.82
133.45 4.61 500 44.89 2.82
5 5 5 5
136.10 4.62 48.23 2.82
8.24 0.01 3.29 0.01
3A 0.49 500 0.54 107.65 1.10 278.36 4.62 GOO 49.03 2.82
3B 0.55 500 0.69 137.03 1.25 326.62 4.61 500 45.77 2.81
3C 0.54 500 0.51 102.02 0.94 232.02 4.60 500 42.98 2.82
3D 0.46 500 0.51 102.99 1.12 253.93 4.59 500 46.62 2.80
3E 0.52 500 0.56 111.79 1.07 239.56 4.60 500 40.72 2.82
N 5 5 5 5 5 5  5 5
Mean 0.51 0.56 112.30 1.10 266.10 4.60 45.02 2.81

















Table 5.2 Chromatographic data from benzo[a]pyrene analysis in fortified catfish (Ictalurus punctatus), continued
Sample Sample BAP [ BAP Concentration  BAP Peak BAP Retention D12-Chrysene D12-Chrysene D12-Chrysene
Number Weight Fortification Percent Area Time (min) Surrogate Peak Area Retention Time
_______________ (grams) Level (ng) ng/ul Recovery PPM Amount (ng)___________________________ (min)
4A 0.49 1000 0.89 88.67 1.81 376.01 4.60 500 41.15 2.81
4B 0.46 1000 1.12 111.59 2.43 445.59 4.60 500 39.05 2.81
4C 0.53 1000 1.20 119.83 2.26 508.85 4.60 500 41.54 2.81
4D 0.54 1000 0.98 93.48 1.82 415.08 4.60 500 41.06 2.81
4E 0.54 1000 1.09 109.40 2.03 431.22 4.61 500 38.52 2.82
N 5 5 5 5 5 5 5 5
Mean 0.51 1.06 105.59 2.07 435.35 4.60 40.25 2.81
Std. Dev. % 0.03 0.11 10.86 0.24 43.49 0.00 1.23 0.00
5A 0.48 2000 2.38 119.02 4.96
5B 0.54 2000 2.16 107.86 3.99
5C 0.50 2000 2.20 109.82 4.39
5D 0.45 2000 2.22 111.20 4.94
5E 0.52 2000 2.10 104.88 4.03
N 5 5 5 5
Mean 0.50 2.21 110.56 4.46
Std. Dev. % 0.03 0.09 4.74 0.42
955.58 4.61 500 39.88 2.82
843.91 4.60 500 38.81 2.81
888.14 4.60 500 40.12 2.82
855.88 4.60 500 38.19 2.81
821.75 4.59 500 38.84 2.81
5 5 5 5
873.05 4.60 39.17 2.82
46.51 0.01 0.72 0.00
Total N 
Total Mean 




30 30 30 . 30 30 30 30
0.83 100.17 1.65 353.01 4.61 44.80 2.82
0.06 8.75 0.16 27.31 0.01 2.09 0.00
oo
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5 . 4  D i s cu s s io n
Typically, interfering substances are coextracted with the sample analyte(s) and may 
result in numerous analytical problems. Compounds coextracted from tissue samples 
can cause errors in qualitative and quantitative analyses, decrease the life of expendable 
analytical instrument supplies (columns, septa, etc.), and reduce the performance of the 
analytical instrument being employed. Therefore, a cleanup procedure is usually 
recommended prior to the analysis of a complex sample matrix that has a relatively high 
lipid content as catfish muscle tissue.
The traditional methods o f isolation utilized by analysts, and often required by 
government agency methodology, include homogenization or mixing of the sample with 
solvent(s), adjustment o f the pH, backwashing of the extract, evaporation or reduction 
o f a relatively large volume of solvent and sometimes solvent exchange. The treatment 
o f biological matrices in different residue extraction and concentration techniques can 
also include but are not limited to the homogenizing of relatively large amounts o f tissue 
w ith organic solvent(s) and sodium  sulfate, additional solvent partitioning, 
centrifugation, sample cleanup with columns packed with Florisil, silica gel, or alumina, 
gel permeation chromatography and/or supercritical fluid extraction. Unfortunately, the 
complexity o f the method and the techniques employed usually result in less than 
satisfactory results. These multi-step procedures offer many opportunities for the loss 
o f target compound and allow for the introduction of laboratory contaminants or the 
manufacture of extraction artifacts. Recovery and analysis of the compounds of interest 
may be less than ideal due to emulsion formation and co-extracted interferants. 
M oreover, some of the techniques required are very labor- and materials-intensive. 
A lth o u g h  a d d it io n a l c o m p lic a tio n s  su ch  as e m u ls io n s  can  be




















Figure 5.4 High pressure liquid chromatograms obtained from the ultra-violet 
and fluorescence detector analyses of the acetonitrile extract (10 jxl injection 
volume) of benzo[fl]pyrene dosed catfish (Ictalurus pimctatits) for liver tissue.























Figure 5.5 High pressure liquid chromatograms obtained from the ultra-violet and 
fluorescence detector analyses of the acetonitrile extract (10 ja.1 injection volume) of 
benzojr/jpyrene dosed catfish {Ictalums pimctcitus) for muscle tissue.





Water: 100% for 3 min, 0% at 10 min 














Figure 5.6 High pressure liquid chromatogram obtained from the fluorescence 
detector analysis of the acetonitrile extract (10 (0.1 injection volume) of 
benzo[fl]pyrene dosed catfish (Ictalunis punctcitus) for bile.
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remedied with continuous liquid-liquid extraction apparatus, such techniques require 
complicated glassware configurations that often require dedicated bench or hood space 
and sometimes over 16 hours o f extraction time.
The most common cleanup procedures utilize column chromatography in which the 
analyte is separated from the interferants by combining the adsorptive properties o f the 
column packing with the polarities of different solvents or solvent combinations. 
Florisil and silica gel are two common solid adsorbents routinely used for this purposes. 
With the advent of automatic gel permeation chromatographs, which are required by the 
United States Environmental Protection Agency for the analysis o f toxic compounds in 
complex sample matrices (USEPA 1988), the sample cleanup process has become 
somewhat more automated. Unfortunately, there are several problems associated with 
the use of these techniques.
Simple column chromatography, such as those employing Florisil or silica gel, is often 
characterized by irreproducibility and poor analyte recovery. The same criticisms can be 
levied at automatic gel permeation chromatography which is associated with other 
problems related to its complexity, tendency for cross contamination and expense. The 
advances made in analytical instrumentation technology have not been paralleled in 
complex matrix sample preparation and isolation techniques which would result in 
improved efficiencies of time and labor.
The utilization of MSPD techniques for residue studies (Long et al. 1989; Long et al. 
1989; Long et al. 1990; Long et al. 1990) precludes the com plications normally 
associated with the traditional methods em ployed for the isolation o f specific 
compounds present in complex biological matrices. Ideally, a procedure should be 
simple, efficient in the use of time and labor, and limit the use o f expendable materials
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such as solvents. Moreover, the procedure should provide extracts which contain the 
analyte(s) o f interest, have high recovery(s) and be relatively free of interferants that 
might typically be coextracted. The MSPD isolation method appears to overcome a 
num ber o f the difficulties and shortcomings o f the extraction and sample cleanup 
procedures that are currently used today.
A simplified sample extraction technique, for the isolation of xenobiotics and their 
m etabolites, would provide a powerful investigative tool when coupled with the 
sophisticated analytical instrumentation that is presently available. Areas of studies or 
research that would benefit from such developments include, but are not limited to, 
toxicological research such as bioavailability studies, bioaccum ulation studies, 
biotransformation studies; pharmacological and physiological research; environmental 
assessm ent and m onitoring; and risk assessm ent. Com pounds and classes of 
com pounds for study were selected based on toxicological properties including 
bioaccumulation, biotransformation, and environmental impact due to the persistence or 
prevalence in the environment.
MSPD has been previously investigated in this laboratory and found to improve the 
determination of drugs and chemical residues in food animal products (Long et al. 1989; 
Long et al. 1989; Long et al. 1990; Long et al. 1990). Therefore, to achieve a sample 
extraction and cleanup technique for the analysis of environmental contaminants in 
biological matrices, MSPD techniques were investigated to determine their applicability 
to the determination of PAHs in a complex biological matrix such as fish tissue.
The MSPD extraction of BAP from fish muscle tissue provides for clean extracts that 
can be analyzed directly by HPLC with UV and fluorescence detection without resorting 
to additional clean-up. The acetonitrile eluate is sufficiently clean to allow for the
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detection o f the BAP to 0.20 jag/g tissue (0.20 |ig/g tissue diluted to 1.0 ml), or 2.0 ng 
o f BAP on column. The total time from the start of the sample preparation to the end of 
the HPLC analysis was accomplished in less than 20 minutes for each sample. Further 
reductions in the time required for analysis are realized when m ultiple samples are 
prepared concurrently. This approach provides for an efficient means by which one 
may quickly extract and analyze biological samples for the presence and quantity of 
BAP.
The clean extracts are a result of the combination column used in this procedure. The 
blending of the muscle tissue with C |8  disperses the tissue and allows for an efficient 
extraction of the BAP into the acetonitrile, resulting in high recoveries (Table 1). Water 
and residual lipid present in the acetonitrile eluting from the C is/tissue matrix blend 
apparently have a minimal effect on the analysis. Lipids have a minimal solubility in 
acetonitrile and a greater affinity for the hydrophobic C is, therefore, the acetonitrile 
apparently partitions the BAP from the lipids without extracting large quantities of the 
lipids. The majority of the lipids remain in the Cis/tissue matrix blend, enhancing the 
extractability of the BAP and facilitating the clean-up to a one-step process. The sample 
extracts were sufficiently clean that more than 100 samples could be analyzed without 
observing any deterioration in sensitivity or chromatography.
The MSPD method outlined overcomes many of the complications associated with the 
traditional isolation techniques because it uses small samples, small volumes of solvent, 
involves few steps and requires no chemical manipulations of the sample. The savings 
in terms of time, solvent requirements and disposal costs, and the minimal utilization of 
expendable materials make this method attractive when compared to classical or existing 
extraction techniques. The method outlined may be used as an analytical technique for
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the identification and quantification of BAP and other potentially hazardous polynuclear 
aromatic hydrocarbons of environmental and toxicological interest.
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6.0 MULTIRESIDUE MATRIX SOLID PHASE DISPERSION 
(MSPD) EXTRACTION AND GAS CHROMATOGRAPHIC 
SCREENING OF NINE CHLORINATED PESTICIDES IN 
CATFISH (ICTALURUS PUNCTATUS)
6.1 Introduction
As discussed in Chapter Two o f this dissertation, chlorinated pesticides have been 
used in many aspects of agricultural production and possess the potential to impact 
environment. This has been well documented and is based on their demonstrated 
propensity to bioaccum ulate due largely to their lipophilic nature and chemical 
stability. As a result of these factors chlorinated pesticides including, but not limited 
to, DDT have been banned from use, or their use has been severely restricted in the 
United States. Additionally, the potential for pesticides being present in the food 
supply exists and may possibly have human health implications. Thus, the U.S. 
Departm ent o f Agriculture/Food Safety and Inspection Service (USDA/FSIS) has 
included lindane, heptachlor, aldrin, heptachlor epoxide, p,p'-DDE, dieldrin, endrin, 
p,p'-DDT, as well as other pesticides, in the Compound Evaluation and Analytical 
Capability National Residue Program Plan (USDA 1990). Analytical methods for 
the determination o f these compounds in food related residue control has been of 
paramount importance as a tool in monitoring for such compounds in the food supply. 
These compounds are also required to be analyzed under a variety of programs under 
the United States Environmental Protection Agency (EPA). This chapter studies a 
potential application of matrix solid phase dispersion techniques for the compounds 
listed above and illustrated in Figure 6.1.
Analytical methods used in residue monitoring programs (USDA 1990) should be 
such that they can detect the compound below the action level (300 ng/g fat for 
lindane, heptachlor, heptachlor epoxide, dieldrin and endrin; 7 pg/g fat for TDE, DDE
147
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Figure 6.1 Chemical structures of Lindane, Heptachlor, Aldrin, Heptachlor 
Epoxide, p,p'-DDE, Dieldrin, Endrin, p,p'-TDE and p,p'-DDT isolated from 
catfish (Icatulums pimctatus) muscle by matrix solid phase dispersion (MSPD).
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and DDT) while providing methodology that is selective, precise, and reproducible for 
qualitative and quantitative determinations. Although present analytical capability is 
sufficient to meet these requirem ents many residue isolation and purification 
techniques have not kept pace with advances in analytical capabilities and therefore 
are a major limiting factor relative to the determination o f pesticide residues that may 
be present in complex biological food matrices such as muscle tissue.
Ideally, residue isolation procedures should involve few steps, require minimal 
expendable materials, be easy to perform and relatively fast, and result in extracts that 
have minimal interferences when analyzed. Official pesticide extraction techniques 
(McMahon and Hardin 1968; Watts 1980) for complex matrices such as fat and tissue 
are tedious to perform, multi-step, and can result in extracts containing interferences 
that can complicate the analysis. Such extraction methods require large volumes of 
extracting solvents and their subsequent evaporation or disposal, a high degree of 
sample manipulation and, in some cases, gel permeation chromatography residue 
enrichment in order to provide for a sample extract that is suitable for analysis. 
Therefore, the complexity and time factor involved cause such m ethods to have 
limited utility for screening purposes for large num bers o f  sam ples. Sample 
throughput is greatly reduced in such multi-step procedures and such procedures 
cannot meet the present challenge and requirements for the testing of more foods for 
the myriad o f chemical residues that may be present. Unfortunately, improved 
pesticide extraction techniques for complex matrices such as muscle tissues have not 
been forthcoming. The development of rapid isolation and screening techniques that 
serve to eliminate the total number of samples subjected to official confirmational 
extraction procedures are needed and will enhance residue control strategies. Such 
screening techniques will also enhance environmental characterization and monitoring
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efforts in which the analysis o f chlorinated pesticides in fish and other species are 
necessary.
As noted earlier in this dissertation, MSPD applications have been previously 
developed for the extraction o f residues from complex biological matrices (Barker et 
al. 1989; Long et al. 1989; Long et al. 1989; Long et al. 1990; Long et al. 1990). 
However, up until this investigation, there has been no efforts to employ MSPD for 
the analysis of chlorinated pesticides in tissues. The work described here examines 
the first use of MSPD techniques for the extraction o f nine chlorinated pesticides from 
catfish muscle tissue followed by gas chromatography / electron capture detector 
screening.
6.2 Materials and methods
6.2.1 Chemicals and expendable materials
Solvents were obtained from commercial sources and were the highest purity available 
and were used without further purification. Standard insecticides (lindane, heptachlor, 
aldrin, heptachlor epoxide, p,p'-DDE, dieldrin, endrin, p,p '-TD E and p,p'-DDT) 
obtained from Supelco Inc., Bellefonte, PA. Dibutyl chlorendate (QAT 798 02) was 
supplied by the EPA Quality Assurance Materials Bank. The bulk C i s packing used 
was octadecylsilyl derivatized silica, 40 micron, 18% load, end capped (obtained from 
Analytichem International, Harbor City, CA). The C 18 was cleaned by sequentially 
washing 50 ml column, containing bulk C is (22 g) with two column volumes each of 
hexane, dichloromethane (DCM) and methanol by vacuum aspiration until dry in the 
manner described in Chapter Two of this dissertation.
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Stock pesticide and internal standard solutions were prepared to a concentration of 
1000 |ig/m l by dissolving pure pesticide standards in acetonitrile and diluting with 
acetonitrile to the appropriate |lg/ml level. Dibutyl chlorendate internal standard stock 
solution was prepared by dissolving pure standard in acetonitrile to achieve a solution 
o f 1000 (.ig/ml. The stock solutions were admixed and then serially diluted with 
acetonitrile to make 3.13, 6.25, 12.5, 25 and 50 (ig/ml mixed pesticide solutions 
containing 25 (ig/ml internal standard dibutyl chlorendate in each mixture.
Plastic syringe barrels were used as extraction columns. Ten ml syringe barrels, 
(obtained from Becton Dickinson, Ruthertford, NJ) were thoroughly washed with hot 
soapy water, rinsed with double distilled water and air dried prior to use as columns 
for sample extraction. The syringe barrel bottom was plugged with a filter paper disc 
(W hatman No. 1, 1.5 cm). Two grams of activated Florisil PR 60/100 (Alltech 
Associates, Deerfield, IL) was placed into the column with the column head covered 
with a filter paper disc. The Florisil column contents were compressed carefully with 
a syringe plunger (modified to have a flat end) to an approximate volume of 3.5 ml. 
Figure 6.2 illustrates the extraction column used for this study.
Catfish (Ictalurus punctatus) weighed approximately 250 g, were drug and pesticide 
free and were obtained from Dr. Kevin Klcinow, School of Veterinary Medicine, 
Department of Veterinary Physiology, Pharmacology, and Toxicology, Louisiana 
State University, Baton Rouge, LA.
6.2.2 Gas chromatography analysis
A Varian Vista 6000 gas chromatograph equipped with a DB-5 column (J & W 
Scientific, 25 m X 0.25 mm id, 0.2 mm coating) was used for this study. The column 
temperature program was as follows: 120° C for 2 minutes, increased at 10° C per
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Figure 6.2 MSPD extraction column for the isolation of nine chlorinated 
pesticides from pesticide fortified catfish (Ictalurus pimctatus) muscle.
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minute to 290° C and held for 5 minutes; the splitless injector was operated with a 
purge function activated at 0.75 minute post-injection. The detector was an electron 
capture detector which was operated at a temperature of 300° C and set at -0.24 mV at 
32 attenuation and 10 range sensitivity. The carrier gas used was ultra high purity 
nitrogen at a linear flow rate o f 14 cm/sec.
6.2.3 Preparation of sample extracts
Two g of C j 8 were placed in a glass mortar and 0.5 g of fish muscle tissue was placed 
onto the C is- Standard pesticide mixtures (5 pi, 3.12, 6.25, 12.5, 25 and 50 pg/ml 
stock solutions containing dibutyl chlorendate internal standard 25.0 pg/m l) were 
injected randomly into the tissues and the fortified samples were allowed to stand for 2 
minutes. This fortification level resulted in a final concentration in the tissue of 31.3, 
62.5, 125, 250 and 500 ng o f each pesticide/g tissue. Blank control tissues were 
prepared similarly, except that 5 pi of acetonitrile containing no insecticides were 
injected into the tissue. The tissues were then gently blended into the C is material 
with a glass pestle until a homogenous mixture was observed (30 sec). Alternately, 
tissue sample was placed in the mortar, spiked, and allowed to equilibrate, and the C is  
was added and then blended giving equivalent results.
The resultant homogenous C is/tissue matrix was transferred into a previously 
prepared 10 ml syringe barrel (see Chem icals and Expendable M aterials) that 
contained 2 g activated Florisil. Two filter paper discs (W hatman No. 1, 1.5 cm 
diam eter) were placed on the column head and the colum n was com pressed to 
approximately 7.5 ml with a syringe plunger that had the rubber end and the pointed 
plastic portion removed. The column cannot be over compressed. A plastic pipette tip
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
(100 fll) was placed on the column outlet to increase the residence time of the eluting 
solvents on the column.
Pesticides were eluted with 8 ml acetonitrile into a 10 ml conical screw cap disposable 
glass centrifuge tube (Kimble, Vineland, NJ). A steady flow o f acetonitrile thorough 
the column was initiated by applying positive pressure to the column head with a 
pipette bulb. When flow had ceased any acetonitrile remaining on the column was 
removed by applying positive pressure (pipette bulb) to the column head and 
collecting the acetonitrile in the centrifuge tube. A final extract volume of 5 ml was 
obtained. The tube was tightly capped, and the tube contents were thoroughly mixed 
by inverting the tube three times. A portion (2 pi) of the extract was then directly 
analyzed by gas chromatography with electron capture detection.
6.2.4 Data analysis
Standard curves were generated by plotting peak area ratios (PAR) of standard 
pesticides at each concentration compared to internal standard dibutyl chlorendate in 
fortified sample extracts for the concentrations examined. A comparison of extracted 
fortified sample pesticide PAR's to PAR's of pure pesticide standards run under 
identical conditions gave percentage recoveries. Inter-assay variability was 
determ ined in the following manner: The PAR's for five replicates of each
concentration (31.3, 62.5, 125, 250 and 500 ng/ml, 2 p i injection volume) were 
averaged which resulted in a mean ± standard deviation (SD). This SD was divided by 
its respective mean giving each respective coefficient of variation (CV). The CVs 
determined for each concentration were then averaged which resulted in a mean ± SD. 
This was defined as the inter-assay variability. Intra-assay variability was defined as 
the coefficient o f variation for the mean o f 5 replicates of the same sample and 
represents the variability associated with the analytical instrumentation used.
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6.3 Results
Treatment of biological matrices in traditional pesticide residue isolation techniques 
can include homogenizing or mixing o f the sample in the presence o f extracting 
solvent(s) and sodium  sulfate, back-washing o f the extract, additional solvent 
extractions, centrifugation, the evaporation of large volumes of solvent and gel 
permeation chromatography. Recovery o f pesticide residues may be reduced as a 
result o f less than ideal solvent-solvent extractions due to emulsion formation that may 
occur during the extraction procedure. In addition to being labor and m aterials 
intensive, the extract may contain a sufficient number of coextracted interferences as 
to interfere with the detection of the target pesticide residues.
In this study, the MSPD method for pesticide isolations from fish muscle tissue was 
chosen because it overcomes many of the complications associated with the extraction 
methods mentioned above. In the MSPD procedure, the fish muscle tissue sample (0.5 
g) was dispersed over a large surface area (1000 m^/g of C 18, theoretical). A column 
fashioned from the Cis/tissue matrix blend was eluted with acetonitrile and resulted in 
an extract that had minimal interferences, as can been seen in gas chromatograms of 
acetonitrile extracted blank control (Figure 6.3) and acetonitrile extracted pesticide 
fortified (Figure 6.4) tissue. The average relative percentage recoveries (82 ± 4.8% to 
97 ±  3.6%), intra- (1.8 ± 4.7%) and inter-assay variability percent (5.0 ± 2.7% to 16.9 
± 6.5%) were indicative of a suitable method for the determination and screening of 
these pesticides in fish muscle tissue (Table 6.1). Linear regression analysis and 
corresponding correlation coefficients indicated the extraction technique was linear 
with respect to increasing concentrations for the pesticides and concentrations 
examined utilizing an electron detector.






















Figure 6.3 Representative gas chromatogram obtained from the electron capture 
detector analysis of the acetonitrile extract of blank control catfish muscle 
(Ictalurus punctatus).





The MSPD extraction of pesticides from fish muscle tissue provides for clean extracts 
that can be analyzed directly by gas chromatography with electron capture detection 
without resorting to additional clean-up or extract concentration. The acetonitrile 
eluate is sufficiently clean to allow for the detection of the pesticides studied down to
31.3 ng/g tissue in a final volume of 5 ml of acetonitrile, or 12.5 pg of each pesticide 
on column. Although lower concentrations were not examined, extrapolation of the 
data im plies that a theoretical detection limit o f 10 ng/g o f tissue is possible. 
Detection limits could be further reduced from the evaporation o f the acetonitrile 
extract with subsequent reconstitution in a smaller volume of solvent. The total time 
from the start o f the sample preparation to the end of the gas chromatography run was 
accomplished in less than 30 minutes for each sample. Thus, this approach provides 
for an efficient means by which one may quickly extract and screen biological samples 
for these pesticide residues.
i
The clean extracts are a result o f the combination column used in this procedure. The 
blending of the muscle tissue with Cjg disperses the tissue and allows for an efficient 
extraction o f the pesticides into the acetonitrile eluting solvent, resulting in high 
recoveries (Table 6 .1). Water and residual lipid present in the acetonitrile eluting from 
the Cjg/tissue matrix blend are removed as the acetonitrile passes through the Florisil 
co-column. Lipids have limited solubility in acetonitrile, and a greater affinity for the 
hydrophobic C |8 , therefore, the acetonitrile partitions the pesticides out of the lipids 
without extracting large quantities o f the lipids. Thus, the majority of the lipids 
remain in the C is/tissue matrix blend, enhancing the extractability o f the pesticides 
from fats using the identical approach (unpublished data). The sample extracts were
























Figure 6.4 Representative gas chromatogram obtained from the electron 
capture detector analysis o f the acetonitrile extract of pesticide fortified 
(250 ng/g) catfish (Ictcilurus punctatus) muscle tissue. Peak identities are 
lindane (l) , heptachlor (2), aldrin (3), heptachlor epoxide (4), p,p'-DDE (5), 
dieldrin (6), endrin (7), p,p'-TDE (8), p,p'-DDT (9), and dibutlyl chlorendate (10).
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
159
Table 6.1 Percent recoveries, Average Percentage Recovery (Avg % Rec), Intra-(IAV) and 
Inter-assay Variability (IRV) percentages for lindane, heptachlor, aldrin, heptachlor 
epoxide, p,p'-DDE, dieldrin, endrin, p,p'-TDE and p,p'-DDT isolated from fortified 
(concentration 31.1 - 500 ng/g) catfish (Ictalurus punctatus) m uscle tissue. r= correlation 








p.p'-DDE Dieldrin Endrin p ,p '-t d e p,p'-DDT
31.3 79±18.9 84+18.5 78±20.3 98±17.4 83±13.8 92+13.9 89+11.7 92±4.0 88±20.2
62.5 85+14.8 72+8.3 98+19.6 78+6.7 93+9.5 90+10.2 83+4.3 97±2.4 97+0.9
125 83+8.1 81+14.3 89+14.5 85±13.8 89+9.8 88+3.9 96+9.6 96+4.8 98±4.8
250 87±7.5 86±7.6 96±8.7 96±9.0 91±7.1 92+8.1 98+7.8 97±9.2 98±7.4
500 75+10.6 97±12.1 110+14.3 110+11.
9
101+4.2 93+5.9 98+5.4 102+3.7 103+2.6
Avg % 
Rec
82+4.8 84+9.0 94+11.8 93+12.4 91+6.5 91±2.0 93+6.6 97+3.6 97+5.4
IAV % 4.7 4.1 3.7 2.7 2.1 2.3 2.2 1.9 1.8



















sufficiently clean that in excess of 100 samples could be analyzed without observing 
any deterioration in sensitivity or chromatography, and without the need to change the 
injection port liner.
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These results are based on fortified samples, such as would be required and obtained 
for the preparation o f standard curves or for conducting recovery studies for the 
qualitative analysis of pesticide residues in biological samples. While the examination 
o f fish muscle tissues from incurred samples would be ideal such samples were not 
available to us during this study and was outside the scope o f the present methods 
development research. However, other work utilizing the techniques developed from 
these efforts have been published, and used for the analysis of pesticides in various 
biological tissues (Barker et al. 1989; Long et al. 1989; Long et al. 1991; Long et al. 
1991; Lott and Barker 1993; Lott and Barker 1993) A compilation of some o f this 
work has been summarized in Table 6.2. True blank control catfish muscle tissue 
samples were difficult to obtain locally as trace pesticide residues were observed 
routinely in the samples tested. True catfish controls were obtained only from fish 
raised under exacting conditions from in-house aquaculture facilities.
Table 6.2 Pesticides for which MSPD extraction methodology has been established.
Pesticide Matrix Recovery MSPD
Solvent
Organophosphates
Coumaphos bovine muscle 76.6±7.9 hexane
Crufomate bovine muscle 93.6+6.4 hexane
Famfur bovine muscle 82.1±8.8 hexane
Fenthion bovine muscle 85.6L7.5 hexane
Chlorinated Pesticides
alpha-BHC oyster 77±13 ACN:MeOH1
(90:10)
crayfish 83 ± 6 ACN:MeOH
(90:10)
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Table 6.2 Pesticides for which MSPD extraction methodology has been established, 
continued.
Pesticide Matrix Recovery MSPD
Solvent
Chlorinated Pesticides




lindane catfish muscle 8215 ACN
oyster 79113 ACN:MeOH
(90:10)
crayfish 86 1 7 ACN:MeOH
(90:10)
bovine fat 851 3 ACN
heptachlor bovine fat 8615 ACN





aldrin bovine fat 92113 ACN
catfish muscle 94112 ACN
oyster 66113 ACN:MeOH
(90:10)
aldrin crayfish 80112 ACN:MeOH
(90:10)
heptachlor epoxide bovine fat 8616 ACN
catfish muscle 93112 ACN
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Table 6.2 Pesticides for which MSPD extraction methodology has been established, 
continued.
Pesticides Matrix Recovery MSPD
Solvent
Chlorinated Pesticides
heptachlor epoxide oyster 82±15 ACN:MeOH
(90:10)
crayfish 74 ± 9 ACN:MeOH
(90:10)
p.p'-DDE bovine fat 94+6 ACN
catfish muscle 91±6 ACN
oyster 81±17 ACN:MeOH
(90:10)
crayfish 94 ±13 ACN:MeOH
(90:10)
dieldrin bovine fat 95±3 ACN
catfish muscle 91+2 ACN
oyster 74±16 ACN:MeOH
(90:10)
crayfish 90 + 11 ACN:MeOH
(90:10)
endrin bovine fat 97+3 ACN
catfish muscle 93±7 ACN
oyster 73±13 ACN:MeOH
(90:10)
crayfish 79 ± 2 ACN:MeOH
(90:10)
P.P'-TDE bovine fat 97+5 ACN
catfish muscle 97±4 ACN
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Table 6.2 Pesticides for which MSPD extraction methodology has been established, 
continued.
Pesticides Matrix Recovery MSPD
Solvent
Chlorinated Pesticides
PiP'-TDE oyster 80±17 ACNtMeOH
(90:10)
p.p'-DDT bovine fat 102±5 ACN
catfish muscle 97±5 ACN
oyster 70±18 ACN:MeOH
(90:10)
crayfish 96 ±13 ACN:MeOH
(90:10)
endrin aldehyde oyster 68±14 ACN:MeOH
(90:10)
crayfish 54 ± 7 ACN:MeOH
(90:10)
4,4'-DDD oyster 81 + 14 ACN:MeOH
(90:10)
crayfish 90 ±  9 ACN:MeOH
(90:10)
Chlorinated Pesticides
endosulfan sulfate oyster 77±22 ACN:MeOH
(90:10)
crayfish 93 ±12 ACN:MeOH
(90:10)
methoxychlor oyster 69±22 ACN:MeOH
(90:10)
crayfish 95 ±12 ACN:MeOH
(90:10)
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Table 6.2 Pesticides for which MSPD extraction methodology has been established, 
continued.
Compound Matrix Recovery MSPD
Solvent
Sulfonylurea Herbicide




The MSPD method outlined overcomes many of the complications associated with the 
traditional isolation techniques because it uses small samples, small volumes of 
solvent, involves few steps and requires no chemical manipulations o f the sample. 
The savings in terms of time, solvent requirements and disposal costs, and the minimal 
utilization o f expendable materials make this method attractive when com pared to 
classical extraction techniques. The method as outlined may be used as a rapid 
screening technique for the pesticides examined. This approach has already proven to 
have the potential to be utilized for the screening o f pesticides or other chemicals in 
different biological matrices and may be useful in environmental biom onitoring 
programs.
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7.0 MATRIX SOLID PHASE DISPERSION (MSPD) EXTRACTION 
AND GAS CHROMATOGRAPHIC SCREENING OF
POLYCHLORINATED BIPHENYLS IN CATFISH
{ICTALU RUS PU N C TATU S)
7.1 Introduction
Based on the information gathered in the literature review, prelim inary method 
development for the analysis o f PCBs in fish tissue was initiated and described in 
Chapter Three. The initial test results from the analysis of PCB fortified catfish 
muscle and homogenized milk indicated that MSPD extraction techniques might be 
applicable for the determination of residual levels o f the environmental contaminant in 
these matrices. As a result, the MSPD extraction and gas chromatographic screening 
of PCBs in catfish (Ictalurus pimctatus) was investigated further and those efforts are 
described herein.
Polychlorinated biphenyls (PCBs) are a class of chlorinated organic compounds that 
have become environmentally ubiquitous due to their widespread use in industry and 
persistence in the environment. PCBs have been widely used as com ponents of 
dielectric and heat transfer fluids in transformers and capacitors, flame retardants, 
lubricants, plasticizers, adhesives, water-proofing agents, printing inks, cutting oils, 
hydraulic fluids, vacuum pump fluids, and PCB extenders (Kirk-Othmer 1989). It is 
estimated that over one billion kilograms of PCBs have been produced since their 
initial introduction in 1929 (Hansen 1987; Safe et al. 1987). In response to the 
potential adverse health effects and environmental impacts recognized to be associated 
with PCB usage, PCBs were restricted to closed systems in 1977 and by 1979, 
manufacture and distribution within the United States were banned (EPA 1980). The 
following year, the importation o f PCB products to the U.S. was terminated (Holten 
1985). However, due to the chemical stability and environmental persistence of PCB
165
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constituents, their occurrence and distribution in the environment are a continuing 
problem.
Structurally, PCBs consist of a biphenyl molecule with variable degrees of chlorine 
substitution of which there are 209 possible PCB isomers. Commercial formulations 
o f PCBs are com prised o f m ixtures o f PCB isomers. The m ost com m on PCB 
mixtures manufactured in the U.S. were marketed under the trade name Aroclor. Each 
Aroclor product is identified by a four digit code in which the first two digits, 12, 
denote the parent compound as a biphenyl structure and the second two digits, indicate 
the percent of chlorination (by weight). For example, Aroclor 1254 is a biphenyl with 
54 percent chlorine by weight. An exception to this nomenclature system is Aroclor 
1016 which is a biphenyl mixture containing 41 percent chlorine (Mieure et al. 1975). 
The structures o f some of the various PCB isomers are illustrated in Figure 7.1.
It is estimated that over 300 million kilograms of residual PCBs are currently present 
in the environment and available for intra- and inter-media transport (Hansen 1987). 
In addition, it is estimated that 340 million kilograms o f PCBs are still in use, 
primarily in electrical transformers and capacitors (Lutz and Dedrick 1987). The 
environmental cycling process for PCBs involves their volatilization from soil and 
w ater surfaces, atm ospheric transport, atm ospheric rem oval via wet and dry 
deposition, and subsequent revolatilization. Although the relative volatilization rate 
for PCBs is low, the stability and persistence o f PCB constituents allows for 
significant PCB redistribution through volatilization and atmospheric transport over 
time (HSDB 1989).
Bioaccumulation is also an important fate mechanism of PCBs released to the 
environment. Special consideration is generally given to constituent migration and





Figure 7.1 Molecular structure of some polychlorinated biphenyl (PCB) congeners.
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uptake of PCBs by organisms suitable for human consum ption. PCBs may be 
bioaccumulated by aquatic organisms in contaminated water systems and by animals, 
such as livestock, maintained on contaminated pasture.
In aquatic species, PCB absorption increases as the degree of chlorination increases. 
Metabolism and excretion conversely decrease, and hence, bioaccumulation occurs. 
Following uptake, PCB congeners are initially distributed to the muscle and liver. The 
lower chlorinated congeners are metabolized and excreted and the higher chlorinated 
congeners are deposited in the skin and adipose tissues o f the organism (EPA 1980). 
Individuals whose diets consist of relatively high proportion of fish obtained from an 
impacted water system represent a sensitive subpopulation due to their exposure to 
higher levels o f PCBs than the general population. Studies conducted on this 
subpopulation dem onstrated elevated PCB concentrations associated with the 
ingestion of PCB contaminated fish (Safe 1987).
In livestock and wildlife species, PCB uptake may occur through inadvertent soil 
ingestion during grazing and through the ingestion of a contaminated water source. 
As with aquatic species, mammals exposed to PCB mixtures tend to retain more of the 
highly chlorinated congeners with relatively long biological half-lives. Therefore the 
primary concern associated with exposure to livestock is PCB bioaccumulation and 
subsequent tissue residues. Another consideration in dairy animals is milk residues 
since PCBs are excreted in the milk fat. Toxicokinetic studies indicate that the 
elimination of PCBs through the milk follows a two component first-order rate with 
the first component representing a relatively rapid excretion rate and the second 
component representing a relatively long excretion rate (Buck and Osweiler 1976).
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PCB constituents are readily absorbed by all routes of exposure. PCB distribution is 
limited by the blood flow to each tissue (with the exception of skin), with the greatest 
deposition occurring in the fat, followed by the skin, liver, muscle and blood (Lutz and 
Dedrick 1987). PCBs have also been demonstrated to cross the placenta (IARC 
1978). The biotransformation of PCBs is by the cytochrome P-450 enzyme system via 
hydroxylation resulting in the formation of arene oxide intermediates. In general, 
PCB elimination is slow with the rate of metabolism decreasing as the num ber of 
chlorines increases and as the number o f unsubstituted adjacent carbon atoms 
decreases (Sipes and Schnellmann 1987) and excreted via the urine (the more lower 
chlorinated congers) and the bile (the more higher chlorinated congeners). Highly 
chlorinated PCB congeners are not metabolized or excreted but are accumulated 
indefinitely in the adipose tissue (EPA 1980).
Toxicokinetic studies have also demonstrated PCB bioconcentration and excretion in 
human milk (Safe et al. 1985). Due to the selective metabolism and bioconcentration 
o f specific PCB congeners, the mixtures of PCBs excreted in breast milk are estimated 
to be 5 to 10 times more biologically active than the commercial PCB mixtures 
(Parkinson and Safe 1987). In addition, human milk also contained a steroid which 
inhibits glucuronyl transferase activity and thus inhibits PCB glucuronidation and 
excretion in the neonate. These factors, in conjunction with the reduced ability of the 
neonatal hepatic microsomal system to detoxify and excrete PCB constituents, result 
in an increased susceptibility of nursing infants to the toxic effects o f PCB exposure 
(ATSDR 1989).
The pathological manifestations and toxicological symptoms reported to be associated 
with PCB toxicosis include progressive weight loss; dermal abnormalities; thymic and 
spleenic atrophy accompanied by immunosuppresion and hemotologic disfunction;
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teratogenesis; and carcinogenesis (Parkinson and Safe 1987). These symptoms and 
pathological m anifestations described for PCB intoxication have not been 
demonstrated to be associated with a single, identifiable lesion.
The proposed mechanism o f action of PCB biological activity is receptor mediated in 
which the PCB constituent interacts with a cytosolic receptor, which interacts with 
nuclear DNA to trigger protein synthesis, which ultimately leads to the physiologic 
responses observed following PCB exposure (Safe et al. 1985). A detailed mechanism 
of PCB toxicity however, has not yet been defined (Parkinson and Safe 1987).
Animal studies indicate that the adverse health effects resulting from PCB exposure 
are produced by the parent PCB congeners. PCB congeners which are metabolized 
and excreted have not been demonstrated to promote carcinogenesis in test animal 
species. Therefore, it has been concluded that the toxicity of PCBs is inversely related 
to the ability of the cytochrome P-450 system to detoxify specific PCB congeners 
(Parkinson and Safe 1987).
E xtensive research has been conducted on the potential carcinogenicity  of 
polychlorinated biphenyls. Available data indicate that PCBs are weak genotoxicants 
and initiators of carcinogenicity. PCBs have been dem onstrated to be potent 
promoters of hepatocarcinogencsis in laboratory animal species. However, human 
epidemiologic studies on occupationally and accidentally exposed populations do not 
indicate a consistent tumorigenic effect among people exposed to PCBs. Therefore 
data concerning the health effects of PCB exposure in humans that are applicable to 
quantitative risk assessments are not available (ATSDR 1989).
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For the protection o f human health, the federal government has set guidelines to limit 
PCB exposure via the intake o f drinking water and food sources. The United States 
Environm ental Protection Agency (EPA) has set a M aximum Contam inant Level 
(MCL) o f 0.5 flg/1 for PCBs present in drinking water. The ambient water quality 
criteria for the protection of human health is 7.9 X 10'^ (J.g/1 for the ingestion of water 
and fish and 7.0 X 10~6 (j.g/1 for the ingestion of fish only (IRIS 1992).
To limit PCB exposure via food sources, the Food and Drug Administration (FDA) 
has set PCB tolerance limits for a number of animal food products. FDA limits for 
PCBs include 2 mg/kg for fish and shell fish (edible portion), 3 mg/kg for beef, 1.5 
mg/kg (fat basis) for milk and dairy products, 3 mg/kg (fat basis) for poultry, and 0.3 
mg/kg for eggs (21 CFR 109.30 ).
Analytical methods for the determination of PCBs in the environment are important in 
monitoring the extent of contamination and fate of these chemicals in the environment 
and the food chain. Analytical methods used in residue monitoring programs (USDA 
1990) should be sensitive enough to detect PCBs below the action level. This should 
be accom plished while providing m ethodology that is selective, precise and 
reproducible for qualitative and quantitative determinations. As with the chlorinated 
pesticides discussed in Chapter Six, present analytical capability is sufficient to meet 
these requirements. However, many residue isolation and purification techniques for 
PCBs have not kept pace with the advances in analytical capabilities and therefore are 
a m ajor limiting factor relative to the determination of PCB residues that may be 
present in complex biological food matrices such as muscle tissue.
Ideally, residue isolation procedures should involve few steps, require minimal 
expendable materials, be easy to perform and relatively fast, and result in extracts that
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have minimal interferences when analyzed. Official PCBs extraction techniques 
(McMahon and Hardin 1968; Watts 1980) for complex matrices such as fat and tissue 
are tedious to perform, multi-step and can result in extracts containing interferences 
that can complicate the analysis. Such extraction methods require large volumes of 
extracting solvents and their subsequent evaporation or disposal, a high degree of 
sample manipulation and, in some cases, gel permeation chromatography residue 
enrichm ent in order to provide for a sample extract that is suitable for analysis. 
Therefore, the complexity and time factor involved cause such m ethods to have 
lim ited utility for screening purposes for large num bers o f  samples. Sam ple 
throughput is greatly reduced in such multi-step procedures and such procedures 
cannot meet the present challenge and requirements for the testing of more foods for 
the myriad of chemical residues that may be present. Unfortunately, improved PCBs 
extraction techniques for complex matrices such as muscle tissues have not been 
forthcoming. The development of rapid isolation and screening techniques that serve 
to eliminate the total number of samples subjected to official confirmational extraction 
procedures are needed and will enhance residue control strategies.
Matrix solid phase dispersion has been previously applied as a useful technique for the 
extraction of chemical residues from complex biological matrices (Barker et al. 1989; 
Long et al. 1989; Long et al. 1989; Long et al. 1990; Long et al. 1990). In this 
chapter, the first use of the MSPD technique for the extraction of PCBs from catfish 
muscle tissue followed by gas chromatography/electron capture detector screening is 
reported.
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7.2 Materials and methods
7.2.1 Reagents and expendable materials
Solvents were obtained from commercial sources; highest purity available and used 
without further purification. The polychlorinated biphenyls was obtained from the 
Quality Assurance Materials Branch, United States Environmental Protection Agency 
(Research Triangle Park, NC)..
The bulk C is column packing, octadecylsilyl derivatized silica, 18% load, end capped, 
40 !im was obtained from Analytichem International (Harbor City, CA). The C is was 
cleaned by sequentially washing a 50 ml column, containing bulk C 18 (22 g), with 2 
column volumes each of hexane, dichloromethane (DCM), and methanol by vacuum 
aspiration until dry. Catfish (Ictalurus punctatus) muscle used for these experiments 
were obtained from a local retail seafood store.
The preparation of standard stock PCB (Aroclor 1254) solutions, 100 ng/jj.1, was 
conducted by transferring 0.2 ml of the EPA standard solution (5000 pg/ml) into a
10.0 ml volumetric flask and filling to volume with hexane. The stock solution of 
Aroclor 1254 was transferred in 1.0 ml glass vials and stored at 4° C until used. The 
working standard solution o f Aroclor 1254 (10 ng/|il) was prepared for daily use by 
diluting 1.0 ml of the Aroclor 1254 standard stock solution into a 10 ml volumetric 
flask and filling to volume with hexane. The information associated with the EPA 
Aroclor 1254 standard is listed below:
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The EPA Quality Assurance Materials Bank
PCB -1254
CAS: 11097-69-1
CONC: 5000 ± 500 pg/ml
PUR: QAT 135-01-05
2 TRIANGLE DRIVE, R.T.P., NC, 27709
Ten ml syringe barrels used as extraction columns (Becton Dickinson, Rutherford, 
NJ.) were thoroughly washed with hot soapy water, rinsed with double distilled water 
and air dried prior to use as columns for sample extraction. A filter paper disc 
(W hatman No 1, 1.5 cm) was placed at the bottom of the syringe barrel to retain the 
column packing.
7.2.2 Gas chromatography analysis
A Varian Model 3700 gas chromatograph equipped with a mixed phase packed 
column (3%  SP 2100, Supelco, 6 feet X 0.25 in. ID) was used to analyze the PCB 
spiked milk. The conditions used for the analysis were set according to the USEPA 
Statement of W ork (SOW 2/88) and run isothermally at 204° C. The injector was set 
at a temperature of 250“ C. The detector was an electron capture detector which was 
operated at a temperature of 300° C. The carrier gas used was an ultra high purity 
argon/methane (5%) mix.
7.2.3 Preparation of sample extracts
Two grams of C is were placed in a glass mortar and 0.5 g of fish muscle was placed 
onto the Cis- Standard solutions of Aroclor 1254 containing 0.10, 0.25, 0.50, 1.00 and
2.00 pg (in 5pl) were injected into the tissues and the fortified samples were allowed 
to stand for at least 5 minutes. This fortification level resulted in a final concentration 
in the tissue of 0.20, 0.50, 1.0, 2.0 and 4.0 parts per million (PPM) of PCB on a wet
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tissue weight basis. Five replicates for each level were used resulting in 30 (n=30) 
fortified tissue samples. Blank control tissues were prepared similarly, except the 5 jj.1 
o f hexane containing no PCB were injected into the tissue. The tissues were then 
gently blended into the C is material with a glass pestle until a homogeneous mixture 
was observed (approximately 30 sec).
The resultant homogeneous C is/tissue  matrix was transferred into a previously 
prepared 10 ml syringe barrel that contained a filter disk. Two additional filter paper 
discs were placed on the colum n head and the column was com pressed to 
approximately 4.5 ml with a syringe plunger that had the rubber end and pointed 
plastic portion removed. A plastic pipette tip (100 pi) was placed on the column outlet 
to increase the residence time o f the eluting solvents on the column.
Polychlorinated biphenyls (Aroclor 1254) were eluted with 8 ml acetonitrile into a 10 
ml conical screw thread disposable glass centrifuge tube (Kimble, Vineland, NJ). A 
steady flow of acetonitrile through the column was initiated by applying positive 
pressure (pipette bulb) to the column head and collecting the acetonitrile in the 
centrifuge tube. A final extract volume of 5 ml was obtained. The tube was tightly 
capped, and the tube contents were thoroughly vortexed. The acetonitrile extracts 
were subsequently evaporated to dryness under a mild stream of nitrogen in a water 
bath at 55° C. The residue was reconstituted with 1.0 ml of hexane, vortexed, filtered 
(0.45 p. disposable syringe filter) and transferred to a glass sample vial. A portion of 
the extract (3 p.1) was then directly analyzed by a gas chromatograph equipped with an 
electron capture detector.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
176
7.2.4 Data analysis
The amount of PCB in each sample was calculated using the average of the response 
factors from three external standards (0.5, 1.0, and 2.0 |J.g/ml). The response factor for 
each external standard was developed by dividing the sum o f the area o f the peaks 
representing polychlorinated biphenyls against the concentration of the PCB standard. 
The extracted PCBs were run under the same identical conditions as the non-extracted 
PCBs (standards). The percent recovery for each fortified sample was determined by 
com paring the amount of PCBs determined in the sample with the am ount of the 
corresponding level of PCBs with which it was spiked. Inter-assay variability was 
determined in the following manner: The percent recovery for five replicates of each 
concentration (0.25, .50, 1.0, and 2.0 |J.g/ml, 3 (il injection volume) were averaged 
which resulted in a mean ± standard deviation (SD).
7.3 Results
In this experiment, with the exception of the Florisil which was not used in this study, 
the MSPD method for pesticide isolations from fish muscle tissue (Chapter Six) was 
chosen because it overcomes many of the complications associated with the extraction 
methods mentioned above. In the MSPD procedure, the fish muscle tissue sample (0.5 
g) was potentially dispersed over a large theoretical surface area (1000 m 2/g of C is, 
theoretical). A column fashioned from the C is/tissue matrix blend was eluted with 
acetonitrile and resulted in an extract that had some minimal interferences, as can been 
seen in gas chromatograms of acetonitrile extracted blank control (Figure 7.2). 
Representative chromatograms of the Aroclor 1254 standard (0.25 fig) used for this 
study are shown in Figures 7.3 and 7.4. Quantitation was performed by summing 
selected total peak areas for each of the standards and samples analyzed. The
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individual peaks chosen are indicated by the shading shown in Figure 7.4. A 
representative chromatogram from a PCB fortified (0.25 |ig) catfish tissue sample is 
illustrated in Figure 7.5. The analyses for the lowest sample spike are not reported 
here because of problems that occurred during their analysis. Table 7.1 lists the data 
associated with the analyses and lists the average percent recoveries and the standard 
deviations for each level of fortification. The average percent recoveries for each of 
the PCB levels tested and calculated are summarized in Table 7.2.
7.4 Discussion
Treatment of biological matrices in traditional pesticide residue isolation techniques 
can include homogenizing or m ixing of the sample in the presence o f extracting 
solvent(s) and sodium  sulfate, back-washing of the extract, additional solvent 
extractions, centrifugation, the evaporation of large volum es of solvent and gel 
permeation chromatography. Recovery of PCB residues may be reduced as a result of 
less than ideal solvent-solvent extractions due to emulsion formation that may occur 
during the extraction procedure. In addition to being labor- and materials intensive, 
the extract may contain a sufficient number of coextracted interferences as to interfere 
with the detection of the target PCB residues.
The MSPD extraction of PCBs from catfish muscle tissue demonstrated here provides 
for clean extracts that can be analyzed directly by gas chromatography with electron 
capture detection without resorting to additional clean-up or extract concentration. 
The acetonitrile eluate is sufficiently clean to allow for the detection of the pesticides 
studied down to 100 ng/g tissue (0.1 PPM). The total time from the start of the sample 
preparation to the end of the gas chromatography run was accomplished in less than 
30 minutes for each sample. Thus, this approach provides for an efficient means by
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Figure 7.2 Representative packed column gas chromatogram obtained from 
the electron capture analysis of the acetonitrile extract of a catfish (Ictalurus 
punctatus) muscle blank control. The peaks appear to be significant because 
the electron capture signal is normalilzed. These peaks do not represent PCBs.
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TIME (min)
Figure 7.3 Chromatogram of Aroclor 1254 (PCB) standard (1 PPM) analyzed 
by packed column on a gas chromatograph equipped with an electron capture 
detector.









Figure 7.4 Chromatogram of Aroclor 1254 (PCB) standard (1 PPM) analyzed 
by packed column on a gas chromatograph equipped with an electron capture 
detector. The shaded areas indicate which chromatographic peaks were selected 
for quantitation.
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Figure 7.5 Representative packed column gas chromatogram obtained from the 
electron capture analysis of the acetonitrile extract of a catfish (Ictalurus punctatus) 
muscle fortified with 500 ng Aroclor 1254 (PCB) or one part per million.
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Table 7.1 Chromatographic
Sample Sample Weight 
Number (grams)
data from Aroclor 1254 (PCB) analysis in fortified catfish.
PCB PCB PPM Percent Peak 
Fortification Concentration Recovery Area 
Level (ng) ng/|il
OA 0.51 0 0.00 0.00 0.00 0.00
OB 0.52 0 0.00 0.00 0.00 0.00
OC 0.48 0 0.00 0.00 0.00 0.00
OD 0.51 0 0.00 0.00 0.00 0.00
OE 0.51 0 0.00 0.00 0.00 0.00
N 5 5 5 5 NA
Mean 0.51 NA NA NA NA
Std. Dev. 0.01 NA NA NA NA
2A 0.47 250 188.90 0.40 75.56 8848
2B 0.45 250 222.80 0.50 89.12 10436
2C 0.56 250 194.36 0.35 77.75 9104
2D 0.45 250 175.11 0.39 70.04 8202
2E 0.49 250 169.04 0.34 67.62 7918
N 5 5 5 5 5
Mean 0.48 190.04 0.40 76.02 8902
Std. Dev. 0.04 18.75 0.05 7.50 878
3A 0.47 500 469.49 1.00 93.90 21991
3B 0.45 500 349.96 0.78 69.99 16392
3C 0.55 500 333.88 0.61 66.78 15639
3D 0.49 500 400.32 0.82 80.06 18751
3E 0.51 500 372.87 0.73 74.57 17465
N 5 5 5 5 5
Mean 0.49 385.30 0.79 77.06 18048
Std. Dev. 0.03 47.67 0.13 9.53 2233
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Table 7.1 Chromatographic data from Aroclor 1254 (PCB) analysis in fortified catfish,
continued.
Sample Sample Weight PCB PCB PPM Percent Peak
Number (grams) Fortification Concentration Recovery Area
Level (ng) ng/)il
4A 0.54 1000 743.30 1.38 74.33 34816
4B 0.52 1000 723.95 1.39 72.40 33910
4C 0.50 1000 789.75 1.58 78.98 36992
4D 0.50 1000 742.34 1.48 74.23 34771
4E 0.52 1000 724.91 1.39 72.49 33955
N 5 5 5 5 5
Mean 0.52 744.85 1.45 74.49 34889
Std. Dev. 0.01 23.91 0.08 2.39 1120
5A 0.45 2000 1138.54 2.53 56.93 53329
5B 0.46 2000 1299.36 2.82 64.97 60862
5C 0.51 2000 1206.66 2.37 60.33 56520
5D 0.47 2000 1129.82 2.40 56.49 52921
5E 0.41 2000 1133.39 2.76 56.67 53088
N 5 5 5 5 5
Mean 0.46 1181.55 2.58 59.08 55344
Std. Dev. 0.03 65.35 0.19 3.27 3061
Total N 30 30 30 30 NA
Total Mean 0.49 NA NA 71.66 NA
Total Std. 0.03 NA NA 5.67 NA
Dev. %
NA= Not Applicable
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0.25 0.5 76.02 7.5
0.50 1.0 77.06 9.53
1.0 2.0 74.49 2.39
2.0 4.0 59.08 3.27
which one may quickly extract and screen biological samples for these pesticide 
residues.
The clean extracts are a result of the MSPD column used in this procedure. The 
blending of the muscle tissue with C is disperses the tissue and allows for an efficient 
extraction o f the pesticides into the acetonitrile eluting solvent, resulting in high 
recoveries (Table 7.1). Lipids have a limited solubility in acetonitrile, and a greater 
affinity for the hydrophobic Cig, therefore, the acetonitrile partitions the PCBs out of 
the lipids without extracting large quantities of the lipids. Thus, the majority of the 
lipids remain in the C jg/tissue matrix blend, enhancing the extractability of the 
pesticides from fats using the identical approach (unpublished data). The sample 
extracts were sufficiently clean that in excess of 100 samples could be analyzed 
without observing any deterioration in sensitivity or chromatography, and without the 
need to change die injection port liner.
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These results are based on fortified samples, such as would be required and obtained 
for the preparation of standard curves or for conducting recovery studies for the 
qualitative analysis of PCBs residues in biological samples. W hile the examination of 
fish muscle tissues from incurred samples would be ideal such samples were not 
available to us during this study and was outside the scope of the present methods 
development research. True blank control catfish muscle tissue samples were difficult 
to obtain locally as trace pesticide residues were observed routinely in the samples 
tested.
The MSPD method outlined overcomes many of the complications associated with the 
traditional isolation techniques because it uses small samples, small volum es of 
solvent, involves few steps and requires no chemical manipulations of the sample. 
The savings in terms of time, solvent requirements and disposal costs, and the minimal 
utilization o f expendable materials make this method attractive when com pared to 
classical extraction techniques. The method as outlined may be used as a rapid 
screening technique for the PCBs examined. This approach has the potential to be 
utilized for the screening of PCBs or other chemicals in different biological matrices 
and may be useful in environmental biomonitoring programs.
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8.0 DISCUSSION ON THE APPLICABILITY OF MATRIX SOLID
PHASE DISPERSION AND ENVIRONMENTAL ANALYSES
8.1 Environmental concerns and the challenges of testing biological samples
for environmental contaminants
The United States Environmental Protection Agency (EPA) currently spends at least 
$500 million annually for the analysis of environmental contam inants and residues 
(EPA Quality Assurance Project Plan Guidance Document 1994). These costs represent 
only a fraction o f what some o f the other federal agencies spend for environmental 
analyses combined. Some o f the departments or agencies include but are not limited to 
the Departm ent o f Defense, the Department of Energy, Department o f Agriculture, 
W ild life  and F isheries and the N ational O ceanographic and A tm ospheric 
Administration. These efforts do not reflect additional moneys and resources expended 
by individual state agencies or the petrochemical and industrial communities. The 
amount of funds presently spent with commercial environmental analytical laboratories 
in the United States currently exceeds $1.4 billion (Albert 1994). Although a large 
portion o f these analytical costs are associated with the analysis o f non-biological 
matrices such as water, soil and air, greater emphasis is being placed on determining the 
presence, and ultim ately the effect from the acute and chronic exposure of 
environmental compounds on biological matrices.
In terms of environmental analyses, most of the progress o f analytical methods have 
emphasized the determination o f industrial pollutants in matrices such as air, water and 
soil. These matrices are relatively simple in terms of their chemical make-up when 
com pared to the com plexities associated with biological m atrices such as blood, 
muscle, kidney, liver or other tissues. The methodology currently utilized to identify 
and quantitate the concentration of chemical contaminants in the environm ent and 
ultimately the assessment o f risk associated with the exposure o f these chemicals to
186
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humans and the ecology relies prim arily on the developm ent and application o f 
sophisticated analytical technology. Incorporated into the regulatory process as 
"official" methods, these techniques can rapidly extract, identify and measure the 
chemicals o f concern in common environmental samples.
W hile the analytical finish (instrumental determination) for the analysis o f routine 
environmental matrices and biological matrices are very similar, the sample preparation 
for each differ significantly. Determining the presence of environmental compounds in 
biological matrices is more difficult and therefore, more expensive and time consuming. 
Typically, the costs and time associated with the sam pling and preparation for 
biological samples are much higher than the costs associated with non-biological 
samples. These higher costs can be attributed with the nature o f the sampling process 
as well as to the relative complexity o f biological matrices. It is the complexity of 
biological matrices (milk, muscle tissue, fat, liver tissue, etc.) that generally necessitate 
complicated sample preparation schemes attributed with the analysis of environmentally 
significant compounds. Arduous sample preparation techniques increases the expense 
of these type o f determinations, because of the greater amounts o f solvent(s) used, the 
increased analysis time required for these type of samples, and the greater amount of 
expendable items and ancillary equipment necessary for sample preparation. The level 
o f expertise required for these types of analyses is also usually higher than those 
required for routine environmental regulatory tests and yet the quality of the results are 
typically lower when measured in terms of reproducibility, detection limits, and percent 
recovery. As a result, the costs for analyzing chemicals in biota are much higher than 
those incurred for routine environm ental analyses. As a result, these higher cost 
u ltim ately decrease the num ber of biological sam ples taken and analyzed. 
Unfortunately, fewer samples increase the degree o f uncertainty associated with 
chemical data that may be used for site characterization or risk assessments. As the
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level o f uncertainty increases, conservative factors are em ployed on decisions that 
ultimately result in significantly increasing the total costs associated with environmental 
remediation or cleanup.
Although methods have been developed and are currently utilized for the determination 
o f environmental and pharmaceutical contaminants in food products and biological 
matrices, they do not possess some o f the attributes o f their counterparts that are used 
for analysis in less complex matrices. The majority o f the m ethods that have been 
developed thus far have tended to be labor intensive, time consuming, require the use of 
substantial quantities of materials, and in some cases, sophisticated sample preparation 
techniques such as automated gel permeation chromatography. These methods also 
tend to be lengthy and expensive and do not lend themselves to be performed in large 
numbers or by automation. They also tend to be very specific for a target compound 
and the matrix rather than for the isolation of chemical groups in a variety o f sample 
types. Due to the complex nature of these methods, and the need to optimize for a 
given compound in a given matrix, analytical attributes such as accuracy and precision, 
are usually less than optimum.
According to a United States Congressional review (Union Calender 1985), there were 
insufficient numbers of analytical analyses being performed to detect pharmaceutical 
agents in animals and animal derived food products that are part o f the human food 
chain. This concern can also be extrapolated to include the presence o f environmental 
contaminants. At the present time, contamination may go undetected or either found 
only after the product has been processed, placed on the market or consumed. Because 
o f the failure of the existing methodologies to efficiently monitor milk, tissues and 
other food products in a timely manner, research targeted at solving this problem has 
been initiated. It is easy to surmise that the analysis of tissues for chemicals resulting
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from the exposure of food animals to a contaminated environment is conducted to even 
a lesser degree. The establishm ent and ultimate implementation o f rapid, reliable 
methods would enable the examination of more samples and compounds which would 
ultim ately serve to detect the presence o f contam inants in the food supply by 
performing the assays at the source or in a short enough period o f time so as to prevent 
its introduction into the marketplace.
Concerns about environmental pollutants and their incorporation into fish and other 
aquatic species have increased the burden on inspection and testing programs of state 
and federal government agencies. Thus, the need to test for more chemicals and drug 
residues for a greater number o f samples obviates improving the current analytical 
methodology used to be more sensitive, efficient, fast and reliable. Failure to produce 
methods with these requirem ents could result in significant econom ic losses to 
producers while increasing the risks to our ecology and human health. These facts have 
led to the conclusion by Barker and Long 1992 that a new philosophy and a novel 
approach to performing residue analyses should be investigated and developed. New 
methods developed for the purpose of isolating environmental chemicals, drugs and 
drug metabolites from tissue matrices must be fast, simple, generic and applicable to 
chemical classes of compounds and environmental contaminants instead of targeting 
individual analytes.
The successful analysis of environm entally significant constituents in biological 
matrices involve representative sample collection, sample preparation and extraction, 
sample cleanup and analytical finish. Over the past two decades, the most significant 
advances in chemical analyses have been made in the instrumentation that are utilized 
in the analytical finish (i.e., gas chromatographs, high pressure liquid chromatographs, 
mass spectrometers, etc.). The detection and computing abilities of the analytical
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instruments routinely used today allow investigators to measure compounds present at 
levels in the parts per billion range or lower with relative ease. Toxicants measured at 
these levels usually require a sample concentration step prior to the analytical finish. 
This is easily accomplished when the matrix being analyzed is soil or water. However, 
the complexity of biological matrices such as fish tissue has typically precluded the 
simplicity o f using only solvent extract concentration for the purpose o f increasing 
detection limits. Unfortunately, the improvements made in analytical instrumentation 
technology have not been paralleled in complex matrix sam ple preparation and 
isolation techniques.
The traditional methods o f isolation utilized by analysts, and often required by 
government agency methodology, include homogenization or mixing o f the sample 
with solvent(s), adjustment o f the pH, backwashing o f the extract, evaporation or 
reduction o f a relatively large volume of solvent, and sometimes, solvent exchange. 
These m ulti-step procedures offer many opportunities for the loss o f target 
com pound(s) and allow for the introduction o f laboratory contam inants or the 
manufacture o f extraction artifacts. Although additional com plications such as 
emulsions can be remedied with continuous liquid-liquid extraction apparati, such 
techniques involve complicated glassware configurations that often require dedicated 
bench or hood space and sometimes over 16 hours of extraction time (USEPA 1988).
Typically, interfering substances are coextracted with the sample analyte(s) and may 
result in numerous analytical problems. Compounds coextracted from tissue samples 
can cause errors in qualitative and quantitative analyses, decrease the life of expendable 
analytical instrument supplies (columns, septa, etc.) and reduce the performance of the 
analytical instrument being employed. Therefore, a cleanup procedure is usually 
recommended prior to the analysis of a complex sample matrix such as tissue. The
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most common cleanup procedures utilize column chromatography in which the analyte 
is separated from the interferants by combining the absorptive properties of the column 
packing with the polarities o f different solvents or solvent com binations. Florisil 
(magnesium dioxide) and silica gel are two common adsorbents routinely used for this 
purpose. W ith the advent o f automatic gel permeation chromatographs, which are 
required by the United States Environmental Protection Agency for the analysis of toxic 
compounds on complex sample matrices (USEPA 1988), the sample cleanup process 
has become somewhat more automated. Unfortunately, there are several problems 
associated with the use of these techniques.
Simple column chromatography, such as that employing Florisil or silica gel, is often 
characterized by irreproducibility and frequently, poor analytical recovery. The same 
criticism s can be levied at autom atic gel perm eation chrom atography which is 
associated  with other problem s related to its com plexity, tendency for cross 
contamination, and expense. Therefore, to achieve a superior sample extraction and 
cleanup technique for the analysis of environm entally significant constituents in 
biological matrices, a different approach was taken for the research presented in this 
dissertation.
8.2 Environmental methods and regulatory chemistry
Analytical chemistry performed for the purposes of meeting regulatory requirements or 
guidelines is also known as regulatory chemistry. A lthough most aspects of the 
analytical tests that are eventually published for regulatory purposes were and are 
developed under sound analytical and scientific principles, the final method may 
include requirements that are primarily based on the legal challenges that may follow 
the data. Regulatory chemistry may incorporate items that serve to document the 
custody o f the sample from the point the sample is taken to its ultimate disposal
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follow ing successful analysis. Such items include chain o f  custody, sam ple 
management and documentation o f the analytical process (records of standardization, 
quality assurance and quality control, instrument maintenance records, etc.). The final 
criteria are data results and analytical reports that are technically sound and legally 
defensible. Unfortunately, advances in approved regulatory chemical methods tend to 
be implemented slowly because o f the legal ramifications o f ongoing cases or the 
amouni o f bureaucratic inertia required to implement any significant changes in the 
existing methodology.
Discipline in maintaining regulatory analytical methods such as those found in the FDA 
(USFDA 1977) , EPA (USEPA 1977) and others (MacLeod ct al. 1985; AOAC 1990) 
do offer some advantages to the agencies and scientists. One inherent value lies in the 
database of information created from analyses technically generated and documented in 
the same manner. Such a database allows numerous statistical investigations to be 
conducted that docum ent the perform ance o f the m ethod as well as that of the 
laboratories that participate. This sort of inform ation can also direct where 
improvements in the methodology need to be made (compound recoveries, precision, 
accuracy, analysis time, etc.).
O ther practical advantages o f regulatory methodology pertain to the business of 
contracting analyses on behalf o f the government. For example, methodologies must be 
specific so that data generated by analyses can be utilized by the government agencies. 
This process, which usually takes place through invitations for bid (IFB) or request for 
proposals (RFP), can be very complicated and time consuming. In addition, some of 
the data may be used in litigation or hearings. Other issues which determ ine the 
importance of regulatory analytical methods include:
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
193
• determining the status of compliance,
• the amount o f penalties that are applied,
• the extent of contamination at a site or spill,
• the extent of environmental damage,
• determination of the potential risk to human health and the ecology,
• determination of the type of remedial action that will be taken (if any),
• determination of the level of cleanup to be undertaken, and
• the determination of the liabilities of the responsible parties in a case 
pertaining to environmental contamination.
However, frequent changes in the methodologies employed for the production of this 
data, even though they may be technically advantageous, can preclude its use for the 
purpose the original regulation intended. Not only would the business o f contract 
analyses by the government be impaired, but the issue of legal precedence concerning 
the analytical methodology used in litigation would become an additional issue in an 
existing complicated regulatory process.
Therefore, improving the analytical methodology for environm entally significant 
compounds that are intended for use in regulatory scenarios, however substantive, may 
be slow relative to the adoption of new methods by the current scientific community. 
On the other hand, analytical methods which are developed to serve as a screening 
process for samples or improvements in the sample preparation of biota samples prior to 
submission to the more formal methodologies may prove to be an avenue worth 
pursuing. Because the current analytical methodologies for the analysis of pollutants in 
biological matrices require significant investments in time, materials, effort, and skill: 
sample preparation methods and screening methods developed for such could be of 
significant benefit. Also, most o f the requirements (method parameters, instruments 
settings, etc.) for regulatory methods pertain to the instruments used in the analytical
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finish or actual determinations. Personal experiences have shown that modifications or 
improvements to sample preparation methods are much easier to implement and gain 
acceptance by the regulatory com m unity than with the im plem entation o f new 
instrument technology.
8.3 Advantages of MSPD sample preparation techniques for biological 
samples
The investigations this dissertation represents has centered on the implementation of a 
new sample preparation technique, matrix solid phase dispersion, for the analysis of 
environmental compounds in biological tissues. The use o f M SPD for the analysis of 
drug residues has been previously studied and was proven to be simple, efficient, 
reliable, and effective. The work described in this docum ent centered on the 
development for the extraction, and in some cases, the instrumental parameters used for 
the analysis, of three types o f environmental contaminants. These compounds were 
chlorinated pesticides, polynuclear aromatic hydrocarbons (particularly benzo[n]pyrene, 
and polychlorinated biphenyls). Most of the studies conducted involved the recovery of 
these compounds from catfish (Ictalurus pimctatus) muscle tissue, but other biological 
matrices were also explored (liver tissue, homogenized milk, and bile). Considering the 
simplicity of the steps used to extract these compounds, the recovery percentages and 
the reproducibility of the analyses were quite acceptable.
The use of MSPD techniques has a number of distinct advantages over the previous 
extraction techniques that are currently in use. A recent com parison between 
conventional sample preparation methodology and the MSPD extraction process was 
conducted and reported (Lott and Barker 1993) on the analysis of chlorinated pesticides 
in fish muscle, and extension o f the work reported here. This report and the 
observations made while conducting the studies reported herein are very similar. Table
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8.1 serves to highlight some of the advantages of MSPD extraction methodology by 
comparing it to the conventional pesticide analytical methods performed on the same 
samples.
Table 8.1 Comparison of MSPD methodology with conventional extraction methods for 
the analysis of chlorinated pesticides in fish muscle.
Items MSPD Method Conventional Extraction 
Method
sample size 0.5g (individual sample) 50 g (composite homogenate)
solvents acetonitrile hexane, acetonitrile, methylene 
chloride and ethyl acetate
solvent volume 10 ml 1070 ml
tissue to solvent ratio 1:20 1:21
major extraction steps 1 3 (lipid and aqueous component 
separation, partitioning of lipids 
from pesticides, and final sample 
cleanup with Florisil column)
concentration technique(s) none evaporation
analysis time 55 min. for extraction and gas 
chromatographic analysis
12 -14 hours for extraction only
estimated laboratory 
turnaround time for 30 fish 
samples
approximately 3 days approximately 4 - 6 weeks
When the requirements for each method are listed side by side, the advantage of 
isolating chemical residues from fish tissue with M SPD becomes obvious. It is 
interesting to note that although the sample size required for MSPD is much less than
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with the conventional method o f extraction, the ratio of sample to solvent used is about 
the same (1:20 for MSPD vs. 1:21 for the other). As a result, detection limits are not 
com prom ised by the MSPD method. However, the classical extraction method 
generates over a hundred fold more solvent waste than MSPD, which ultimately finds it 
way back into the environment through its evaporation in a laboratory hood. Recently, 
however, the EPA mandated that all federal agencies will have to reduce the solvents 
used in laboratory procedures. Specifically, a 50% reduction in the use of 17 target 
solvents by 1995 will be required by all federally-owned and contractor-operated 
laboratory facilities (Cooke 1993). In light o f the pressure the federal government is 
placing on restricting the use o f solvents in the laboratory, the amount of solvents used 
for extraction becomes quite significant. The smaller sample size used with MSPD 
allows the analyst the option of testing individual samples whereas conventional 
extraction techniques typically require a com posite made from several samples. 
Additional contrasts between the two methods pertain to the level o f effort, the amount 
o f glassware and materials required for the classical method, and the amount of time it 
takes to perform the analyses. The differences translate into a significant reduction in 
the cost per sample when MSPD is used to isolate chemical residues from fish tissue.
In summary, MSPD techniques serve to provide simple, rapid, sensitive, reliable, and a 
relatively inexpensive means to extract and isolate environmental chemical residues 
from a variety of biological tissues and can meet or exceed present regulatory chemistry 
requirements for the analysis o f the compounds examined here. Further validation will 
be required. Although the applications for MSPD appear to be quite broad in terms of 
its use for environmental analyses, additional benefits may be realized upon the refining 
o f techniques for the purpose of measuring parent compounds and their metabolites in 
the tissues of aquatic species. In order to develop a better understanding of the risks to 
human health that may arise from the consumption of environmentally contaminated
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aquatic species (such as PAHs), better analytical techniques must be developed and 
used (Varanasi and Stein 1991). The data provided herein began that process.
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